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1. Center line of 


4. Spring-loaded 
slidewire and shaft 


no-backlash drive 
2. Control cams 5. Control slidewires 


3. Balancing motor 


6. Measuring slide- 
wire 


This partially dis-assembled view of Speed- 
omax shows its two-phase Balancing Motor 
and gears, with a typically “‘heavy”’ load of 
slidewires and contacting cams for signal and 
control devices. Several more cams, etc., can 
be added if necessary; only practical limit 
is physical space on shaft. Smoothness in 
operating many contacts is an outstanding 
Speedomax ability. 


Amplifier which feeds the Speedomax bal- 
ancing motor the controlling half of its 
power. Torque gradient is especially high 
where needed most—around balance point— 
for prompt, positive balancing. This Ampli- 
fier leads its field by large margins in 
sensitivity and in power output. 


Good circuit engineering 
shows in this Slidewire’s 
non-inductive wiring and 
in the absence of any flex- 
ible leads which might 
form inductive loops. 
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POWER 


PERFORMANCE 
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eee and Speedomax Instruments lead 


with “huge” 12-watt balancing mofors! 


e Power underlies good performance, in 
instruments as in automobiles, machine 
tools or rolling mills. That’s why L&N 
engineers insist that an automatic instru- 
ment should operate as positively and 
promptly as any other high-grade machine. 

Even the first null balance potentiom- 
eter Recorder we built, back in 1911, which went to a steel 
mill, had a 110-volt motor instead of a spring drive to run its 
balancing mechanism, chart and signalling contacts. And, 
while its pioneering of balance-method measurement attrac- 
ted the most attention, its ample power certainly helped 
establish L&N Recorders as the coming idea in process 
Instrumentation. 

Power has done the same for Speedomax instruments. 
Twenty years ago, Speedomax pioneered the electronic idea 
of measurement—in a husky, powerful piece of equipment. 
Today’s models have from 2 to 4 times more power in their 
balancing motors than any other current models of electronic 
controllers, recorders or indicators. 

This power means superior performance in both load- 
carrying and speed. Load-carrying ability applies especially 
when the motor operates, in addition, an unusual number of 
contact devices. But even the most usual Speedomax jobs — 
automatic control, for instance—can ca!l on the instrument’s 
power for high operating speed in handling the normal number 
of control devices. The strong, wide-faced, rigidly-mounted 
cams and gears so typical of Speedomax instruments start 
moving instantly, move rapidly and stop dead still without 
coast. Signalling and control action is correspondingly crisp 
and precise. 

Speedomax for industrial use is described in Catalog ND46 
(1); additional information for unusual applications is given 
in Technical Publication ND46(1). Either will be sent on 
request by our nearest office or from 4926 Stenton Ave., 
Philadelphia 44, Pa. 
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NEW PRODUCTS 


Chloroacetyl-L-tryptophan 
Chloroacetyl-D-asparagine 


DL-Tyrosine ethyl ester hydrochloride 
DL-alpha bromopropionyl derivatives of 


L-Asparagine DL-Alanine 
D-Asparagine DL-Norvaline 
DL-Asparagine Glycylglycine 


H.M. CHEMICAL CO., LTD., SANTA MONICA, CALIFORNIA 


KLETT 
ELECTROPHORESIS 


i 


He 


CUSTOM MADE 


TOOL FOR THE ANALYSIS 
OF COMPLEX COLLOID SYSTEMS, AND FOR 
THE CONTROL OF PRODUCTION OF 

PURIFIED PROTEINS, ENZYMES, HORMONES 


KLETT MANUFACTURING CO. 
179 EAST 87TH STREET 
NEW YORK, N. Y. 
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GAS ANALYSIS 
APPARATUS 


A modified Haldane gas analysis ap- 
paratus used to demonstrate the tech- 
nique of gas analysis in student teach- 
ing. 

While it is designed for student use, it 
is well adapted for clinical use where the 
CO, and Og in a respiratory air analy- 
sis are required. 


The apparatus consists of a burette and 
jacket, absorbing chamber for CO, and 
Oz with short capillary tubes to facilitate 
absorption, cylindrical leveling bulb. 


Cat. No. 40-571 
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CHEMICALS 


6-Amylase Arbutoside 

@ Androstanedione @ Arsonoacetic Acid 

@ Angelicalactone @ Atropic Acid 

e 1,5-Anthracenediol © Azocoll 

@ Anthralin @ Azuric Acid 

@ Anthrarufin @ Barium Arsenate 

@ Antimony Arsenate @ Barium Borate 

@ Antimony Phosphate @ Barium Citrate 

@ Antimony Sodium @ Barium Ethanesulfonate 
Fluoride @ Barium Phosphate 

@ Antimony Thioglycol- © Barium Platinocyanide 
amide © Barium Platinonitrite 

@ Antimony Triethyl Barium Titanate 

@ Antimony Trimethyl @ Behenolic Acid 

Apigenin Benzeneazosalicylic 

@ Apiose Acid 

@ Apoferritin @ Benzenehydroxamic 

@ Arabitol, d(+) Acid 

@ Arabitol, dl @ Benzenesulfinic Acid 


Ask for our new 
complete catalogue 


17 West 60th St. New York 23, N.Y. — 
Plaza 7-817) 


ACTH * Growth * Gonadotropes 
Estrogens * Androgens 


Corticoids * Progesterone 
Others 


HYPOPHYSECTOMIZED 
RATS 
PAENDOCRINE TOXICITY 
\ TESTS 


Write for details 
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Ion-Scattering Analyzer 


TANFORD RESEARCH INSTITUTE has a new instru- 
ment capable of identifying and measuring mi- 
nute quantities of the elements present in the surface 
of a material—the ion-seattering analyzer. This “pro- 
ton bombarder” consists of a two-million volt genera- 
tor, a twenty-foot vacuum tube, and two large electro- 
magnets. It weighs about five tons, yet it can detect 
as little as 1-?* gram. The device bounces protons off 
the atoms composing the surface of a sample into a 
spectrometer that sorts them according to their re- 
bound velocities (just as an optical spectrometer sorts 
light waves according to their wavelengths) and feeds 
them into a counting device. Since the velocity of the 
protons depends upon the weights of the atoms that 
deflect them, the various velocities coming from a bom- 
barded surface indieate which elements are present. 
The relative numbers of protons reveal the propor- 
tional composition of the surface. 

A van de Graaf type generator delivers the high 
voltage needed in the apparatus, and a vacuum tube 
runs down its center to a large electromagnet. The high 
voltages produced are insulated, by nitrogen under 
pressure, from the heavy steel tank that contains the 
generator, and an endless belt carries charges up to be 
accumulated on a high-voltage electrode at the top. 
Hydrogen gas, leaking slowly from a small tank inside 
the electrode, is ionized in an are discharge. The re- 
sultant ions are accelerated downward through the 
vacuum tube by the successive voltages of a series of 
hollow electrodes spaced along the interior of the tube. 
Emerging from the accelerator, the stream of ions is 
foeused into a beam which contains protons, as well 
as the multiple hydrogen ions produced in the hy- 
drogen ionization. The ions are separated from the 
protons, and the proton beam enters the target cham- 
ber, striking the small target area on the surface of 
the sample, where most of the protons are absorbed. 
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Executive Editor 


AAAS EDITORIAL BOARD 
(Terms expire June 30, 1953) 


Howard A. Meyerhoff, Chairman 
William R. Amberson Bentley Glass 
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F. A. Moulton, Advertising Representative 


Some of them come close enough to atomie nuclei to 
be bounced out again, losing energy to the atoms hit 
in inverse proportion to their atomic weights. 

The protons that are allowed to pass through the 
spectrometer to the counting device are those with a 
definite, limited range of velocity. For maximum reso- 
lution of the various elements, the target area is nar- 
rowed down by regulating the entrance slits that shape 
the beam to a very small spot. The exit slit of the 
spectrometer is about the same size. Behind it is a thin 
layer of phosphorescent material on the end of a pho- 
tomultiplier tube. Target chamber and tube are so 
arranged that a sharp “image” of the target area is 
foeused on the phosphor, which emits light pulses 
when struck by protons. In contrast to an optical 
spectrometer, which seans over a focal plane, the 
magnetic spectrometer covers that part of the proton 
velocity range desired by varying the magnetic field 
in a series of “runs” to permit protons of different 
velocities to reach the counting cireuit. 

The number of protons that hit the target is kept 
the same for each of a series of runs by a current inte- 
grating cireuit, and in each run a different fraction 
of the total is counted by the photomultiplier tube. 
Plotting the particular ratio setting used against the 
number of protons counted for each run gives a curve 
that looks like a series of steps, each of which corre- 
sponds to a different atomie mass in the samp!e, and 
the height of the step is proportional to the concen- 
tration. 

The ion-seattering analyzer will be used initially to 
study surface modification of ferrous alloys, erystal 
boundary contamination of some nonferrous metals, 
and intermetallic diffusion, for the Ordnance Depart- 
ment of the Army. Stanford Research Institute also 
expects that many industrial applications will be 
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A NEW AAAS SYMPOSIUM 


INDUSTRIAL SCLENCE—PRESENT AND FUTURE 


Subjects treated include 

Five leading Industries: 
Petroleum — Steel — Communications — Chemicals — Pharmaceuticals 
There are contributions on 


Horizons of Industrial Science 
from the viewpoint of the: 
Consultant — Educator — Research Director — Government — Scientist 


Public Aspects of Industrial Science 


are covered by these papers: 


The Contributions of Industry The New Industry and 
to Scientific Education the Community 

Industrial Science and Industrial Science and 
Community Health its Public Relations 


Authors who collaborated to make this book an auspicious inauguration of the new AAAS Section on 
Industrial Science (P) 


Allen T. Bonnell, Vice President Hiland G. Batcheller, Chairman of Edward R. Weidlein, President 
Drexel Institute of Technology Boar ; Mellon Institute of Industrial 
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Alan T. Waterman, Director Department 
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Board C. L. Emerson, Vice President G. Edward Pendray, President 

Standard Oil Company of Indiana Georgia Institute of Technology Pendray and Company 

6x9 inches, paperbound, 160 pages, price $2.00 

Orders for 10 or more copies, $1.60 per copy 

Both Industrial Science and Soviet Science, $3.00 
Mail your order now 
TO: AAAS PUBLICATIONS 
1515 Massachusetts Avenue, N.W. 
Washington 5, D. C. 
Please accept my order for ...... copies of Industrial Science. 
Please accept my order for ...... copies of Soviet Science. 
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“LAB-AID” EXPEDITERS 


— they speed-up laboratory chores 


,\echnicon paraffin knife 


makes work with paraffin-embedded tissues quick 
and easy. Great for cutting large blocks into small 
ones; for mounting blocks on a microtome object 
disc; for squaring up blocks; for separating ribbons 
in a water bath . . . Hollow stainless steel handle 
doesn't heat up — easy to keep knife at the right 
temperature. When not in use lay knife in saddle 
900 rest—Blade UP indicates knife hot; Blade DOWN, 
Watts knife cold. 


~ téchnicon microstide dryer 


delivers slides ready for staining in 7 minutes! Just 
drop slides, in an Autotechnicon Slide Carrier, into the 


hatch, flip the switch and close the cover. A steady 
ip current of warm, filtered air blowing over the slides 


carries away all moisture, leaving them bone-dry and 

dust-free. The filter is replaceable. There's no distor- : 
tion, either — the warm clean air is well below the 

melting point of paraffin. 


léchnicon Water bath 


insures smooth, even spreading of your tissue ribbons. 
The water temperature is just right — never too hot or 
too cold, thermostatically held at any set temperature 
from 20° to 60°C. There's no melting paraffin to dis- 
tort tissues — no folds or wrinkles, no bubbles due to 
frequent water change. Temperature stays constant, 
day-in, day-out. And it's easy to see your sections 
against the dull finished black interior of the bath. 


Size: 10%” Diam; 3%” High 
Sturdy; durable; water and 


lolproof finish. 
THE TECHNICON COMPANY 
215 East 149th Street, New York 51, N. Y. 


Send me literature and prices on 


Technicon Paraffin Knife 
Technicon Microslide Dryer 
(CD Technicon Constant Temperature Water Bath 


Name 


Addrec 


City, Zone, 
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GET YOUR ADVANCE COPY 


of the General Program-Directory 
of the St. Louis Meeting of the AAAS 
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The General Program-Directory of the 119th Meeting of the AAAS in St. Louis, December 26-31, 
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5. Details of the Kiel Auditorium, downtown hotels, ee 
Washington University. 7. Membership figures by sections. 


6. Titles of the latest scientific films to be shown in 8 
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7. Exhibitors in the 1952 Annual Exposition of Science 
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Advance registration—if you can attend the Meeting—has these advantages: 1) You avoid delay at Registration 
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The 
GARCEAU 
ELECTRO- 


A.C. Operated— 
No Batteries 


Portable 


A simply operated inexpensive instrument for re- 
cording action currents of peripheral nerves, skel- 
etal muscles. Amplifier is A.C. powered, requires no 
shielding for patient. Action currents, displayed 
by sweep circuit on 3” actinic-phosphor cathode-ray 
tube or photographed by 35mm continuous film 
motor driven camera, are simultaneously made 
audible in loud speaker. 2 Adrian Bronk needle 
electrodes, cord included. Case dimensions: 11” x 
19” x 15”. 


ELECTRO-MEDICAL LABORATORY, INC. 


South Woodstock 2, Vermont, U.S.A. 
Pioneer makers of the Electroencephalograph 


MYOGRAPH 


Requires No Shielding 
Shipped Ready to Run 


provides con- 
trolled, cool, 
bright light for 
every applica- 


direct tp 


or 
ERB & GRAY 


854 S. Figueroa St., Los Angeles 17, Calif. 


» | THE JOSIAH MACY, JR. FOUNDATION 


Invites you to share these veforts on 


MODERN SCIENTIFIC THOUGHT 


SHOCK AND CIRCULATORY HOMEOSTASIS 


Transactions of the First (1951) Conference. Edited 
by Harold D. Green, M.D., Professor of Physiology 
and Pharmacology, Bowman Gray School of vem 


‘Wake Forest College 


BLOOD CLOTTING AND ALLIED PROBLEMS 


Transactions of the Fifth (1952) and Final Confer- 
ence. Edited by Joseph E. Flynn, M.D., Associate 
Professor of Pathology, College of Physicians ons 


Surgeons, Columbia University 


RENAL FUNCTION 


Transactions of the Third (1951) Conference. Edited 
E. Bradley, M.D., Associate Professor of 
Medicine, College of Physicians and Surgeons, ie 


by Stanley 
bia University 


PROBLEMS OF AGING 
Transactions of the Fourteenth (September ast) 
ference. Edited by Nathan W. Shock, Ph. 

Section on 


SALES OFFICE: P.O. BOX 575 


Gerontology, National Heart 
Institutes of Health and The 


PACKANACK LAKE .- 


COLD INJURY 

Transactions of the First (1950) Conference. Edited 
by M. Irene Ferrer, M.D., Assistant Professor of 
Medicine, College of Physicians and Surgeons, Colum- 
bia University $3.25 


CONNECTIVE TISSUES 

Transactions of the Third wr Conference. Edited 
by Charles Ragan, .D., Associate Professor of 
Medicine, College of Physicians and Surgeons, Colum- 
bia University $3.50 


NERVE IMPULSE 

Transactions of the Third (1952) Conference. Edited 
by H. Houston Merritt,'M.D., Professor of Neurology, 
College of Physicians. and Surgeons, Columbia Uni- 
versity $3.50 


CYBERNETICS 

Transactions of the Eighth geet» Conference. Edited 
by Heinz Von Foerster, Ph. Professor of Electrical 
Engineering, University of Minis. Associate Editors: 
Margaret Mead, .. American Museum of Natural 
History; Hans Lukas Teuber, M.D., New York Uni- 
versity 
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Complete line, with widest choice of superb apochromatic objectives oxic 
for general and highly specialized studies. Slow-motion, low- com 
position fine focusing adjustment; permanently aligned nosepiece; pen 
inclined parallel eyepieces, for strain-free observation. wit] 
Adaptable to phase contrast, dark field and polarized light. tan 
Exclusive variable intensity Panfocal Illuminator, optional. ters 
@ IN ALL MONOCULAR cre’ 
APPLICATIONS del: 
Quickly interchangeable monocular —— « fer 
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? photomicrography, measuring, ons 
micro-projection, etc. Widest range inh 
of accessories, for maximum use. fer 
@ IN ON-THE-SPOT 
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St., Rochester 2, N.Y. 
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Antispirochetal Interference between 
Antibiotics and Arsenoxide 


N. Ercoli and G. M. Carminati 
Istituto Sieroterapico Milanese Serafino Belfanti, Milano, Italy 


T HAS BEEN REPORTED RECENTLY that 
BAL (dimereaptopropanol) inhibits the antispi- 
rochetal effect of penicillin, bacitracin, and chlo- 
romycetin as it does that of the metal-containing 

(As, Au) compounds, whereas streptomycin, aureo- 
mycin, terramycin, and subtilin are not inhibited by 
the dithiol. This BAL reversal of antiprotozoan action 
is a specific one, inasmuch as the antibacterial action is 
conserved and seems to be related to the chemoreceptor 
mechanism (/). Exploring further the mechanism of 
antispirochetal action, we have studied the effect of 
combined treatment with known antiprotozoan agents. 

Therapeutic experiments were carried out on mice 
infected (20 hours before) with an African strain of 
Borrelia duttoni,’ against which the effective (subeu- 
taneous) doses? for each drug investigated had been 
accurately determined (2). Characteristic details of 
the combination experiments appear in Tables 1-3. It 
was found that the antispirochetal activity of arsen- 
oxide was additively or synergistically enhanced by 
combined treatment with the antibiotics streptomycin, 
penicillin, or bacitracin: the same result was obtained 
with arsenoxide and myochrysin. In contrast, simul- 
taneous treatment with arsenoxide and the antibiotics 
terramycin, aureomycin, or chloromycetin both de- 
creased the immediate action of the antibiotic and the 
delayed one of arsenoxide. This phenomenon of inter- 
ference with arsenoxide activity appeared with effeec- 
tive, as well as ineffective, doses of the antibiotics. For 
example, 1.5 mg/kg terramycin—a dose that does not 
inhibit the rapid increase of the spirochetes—inter- 
fered noticeably with the effect of 5 mg/kg arsenoxide 
(which, given by itself, clears the blood stream of 
parasites within 24 hours). On the other hand, the 
interference effect disappeared if the dose of either 
arsenoxide or the antibiotic was increased sufficiently 
above the therapeutic range. Effective doses (5-10 

1 Strain received in 1949 from the Pasteur Institute, Paris. 

2The minimal clearing and reducing doses—i.e., the doses 
giving total disappearance, respectively 80-95% reduction of 
the circulating spirochetes, within 3—5 hours—have been de- 
termined for the subcutaneous method of administration. 
The reduction of the spirochetemic curve appears with greater 
delay, but it is more persistent in the case of arsenoxide and 
streptomycin than in that of the other antibiotics. Arsenoxide 
doses of 2.5-5.0 mg/kg give 80-95% reduction in less than 
22 (and more than 6) hours; to obtain clearing within 5-6 
hours, arsenoxide doses of 20 mg/kg are required. The drop 
in the spirochete count appears more promptly, although 
with a greater tendency to rise again, with the other anti- 
biotics. The subcutaneous reducing doses were the following : 
terramycin, aureomycin, 2—4 mg/kg; bacitracin, 7 mg/kg; 
subtilin, 8 mg/kg; penicillin, 8-10 mg/kg ; chloromycetin, 35 


mg/kg; streptomycin, 75 mg/kg. The clearing doses were 
50-100% higher. 
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mg/kg) of arsenoxide, for example, inhibited the im- 
mediate effect (3-5 hours) of 4 mg/kg terramycin, but 
not that of 8 mg/kg. Conversely, 2-4 mg/kg terramy- 
cin or aureomyecin inhibited the delayed action (22-45 
hours) of 5 mg/kg arsenoxide, but not that of 10-20 
mg/kg. It should be mentioned that, as a result of 
interference with the early action of the antibiotic, the 
immediate antispirochetal effect of the latter combina- 
tions was lower than that corresponding to antibiotie 
treatment alone. 


TABLE 1 


THERAPEUTIC INTERFERENCE BETWEEN TERRAMYCIN AND 
ARSENOXIDE IN THE Borrelia duttoni 
INFECTION OF MICE 
(Expt No. 110) 


No. spirochetes in 25 dark fields 


a (Hours after treatment) 


None 50 125 200 450 900 


50 75 25 0 0 

Arsenoxide, 5 mg/kg 40 40 10 0 0 
25 65 12 0 0 

35 8 1 0 0 

Aureomycin, 4 mg/kg ; 
25 0 0 0 0 

aureomycin, 4 mg/kg 50 40 15 10 0 
40 40 50 0 0 

aureomycin, 4 mg/kg 25 20 10 0 0 
35 22 20 0 0 

40 12 4 0 0 

aureomycin, 4 mg/kg 35 25 1 0 0 
50 20 35 0 0 


Chloromycetin, aureomycin, and terramycin, char- 
acterized by a similar wide antibiotic spectrum, inter- 
fere with the antispirochetal action of arsenoxide. The 
similarity of these antibiotics as antibacterial, anti- 
protozoan, and antirickettsial agents, and as producers 
of cross-resistant strains (3-5), finds analogy in their 
common ability to interfere with the antispirochetal 
activity of arsenoxide: From the majority of the re- 
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0 3 5 22 
25 120 995 550 750 


TABLE 2 


THERAPEUTIC INTERFERENCE BETWEEN TERRAMYCIN AND 
ARSENOXIDE IN THE Borrelia duttoni 
INFECTION OF MICE 


No. spirochetes in 25 dark fields 
(Hours after treatment) 


Treatment 
0 3 5 22 44 
Expt No. 108 

25 3 3 20 380 

Terramycin, 4 mg/kg 35 10 7 50- 500 
35 18 10 35 

35 = 335 20 0 0 

Arsenoxide, 5 mg/kg 50 50 22 0 0 
35 75 15 0 0 

Or 
Terramycin, 4 mg/kg + 35 = 
arsenoxide, 5 mg/kg 35 35 70 25 
Expt No. 131 

Terramycin, 3 mg/kg : 
25 80 0 0 

Arsenoxide, 5 mg/kg 35 80 0 0 
50 60 1 0 

Terramycin, 1.5 mg/kg + 60 
arsenoxide, 5 mg/kg 35 50 


ports (5-10) it would seem that they also share the 
ability to interfere with the antibacterial action of 
penicillin and streptomycin. 

Of the three antibiotics interfering with arsenoxide, 
only chloromyecetin is inhibited, as are penicillin, baci- 
tricin, and arsenoxide itself, by BAL in regard to its 
antispirochetal effectiveness. On the basis of the as- 
sumption that BAL-reversibility is related to the ac- 
tion on chemoreceptors (1), it can be concluded that 
the antibiotic interference with arsenoxide is not 
bound to this action. 

In all our experiments the interference phenomenon 
appeared as a decrease of activity of both drugs used 
for combined treatment (antibiotic and arsenoxide). 
The phenomenon is mostly manifest at minimal effec- 
tive dose ranges (or even below) and resembles a de- 
erease of dosage in all its manifestations (reduction 
of the parasite count, relapses). 

To interpret these findings, we arrived at the follow- 
ing working hypothesis, which seems to agree with the 
known facts and the present observations. Therapeutic 
interference is the result of a reciprocal competition 
between effective drugs in an elective process of fixa- 
tion-penetration on or in the microorganism. This com- 
petition—which presumes a similar elective mechanism 
of fixation-penetration—reduces the concentration of 
the competing drugs below the levels required to affect 
the receptors to the point of measurable therapeutic 
response. The competition in the process of fixation- 
penetration can take place between drugs acting on 
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identical or on different receptors—i.e., through the 
same or through a different type of biochemical lesion. 

1) The strongest supporting evidence for this thesis 
lies in Janes6’s experiments: pretreatment with para- 
rosaniline protects trypanosomes against lethal photo- 
sensitization to acriflavine, as a result of decreased 
fixation of the latter drug (11). Earlier, Hirschfelder 
and Wright (12) attributed to “a simple surface re- 
action” the antagonism between acriflavine and tri- 
phenylmethane dyes on the inhibition of CO, produc- 
tion by yeast cells. This effect was obtained by stain- 
ing the cells with ineffective methyl violet or brilliant 
green doses and exposing them to acriflavine, or vice 
versa, after exposing them first to ineffective acri- 
flavine concentrations and then to the other dye. In 
our opinion, other evidence can be seen in the “sepa- 
rated interference” experiments of Schnitzer (13): 
trypanosomes treated with pararosaniline in one host, 
after passage to another (mouse), were not affected 
by therapeutic acriflavine doses. 

2) The existence of an optimal dose for interfering 
effect established in 1927 (14) for pararosaniline /acri- 
flavine and pararosaniline/arsphenamine, since con- 
firmed in a number of other cases, shows that the eom- 
petition can be overcome by an excess of one of the 
therapeutie agents. In the examples presented above, 
the immediate effect of the antibiotic, as well as the 
delayed action of the arsenical, was re-established by 


TABLE 3 


THERAPEUTIC INTERFERENCE BETWEEN CHLOROMYCETIN 
AND ARSENOXIDE IN THE Borrelia duttoni 
INFECTION OF MICE 
(Expts 107 and 108) 


No. spirochetes in 25 
dark fields 


Treatment (Hours after treatment) 


0 3 5 22 44 


50 35 75 350 ++ 

Chloromyeetin, 15 mg/kg 50 6500)=— 40 40 ++ 
25 40 40 500 ++ 

40 0 0 0 0 

Chloromycetin, 60 mg/kg 25 0 0 0 0 
25 1 0 0 0 

50 50 22 0 0 

Arsenoxide, 5 mg/kg 35 50 20 0 0 
35 60 20 0 0 

35 25 10 0 0 

Arsenoxide, 10 mg/kg 50 335 6 0 0 
6 0 0 

9 9 5 

Chloromyeetin, 15 mg/kg + 20 
arsenoxide, 5 mg/kg 25 25 25 12 25 

Chloromycetin, 60 mg/kg + 
arsenoxide, 5 mg/kg 25 10 6 3 35 
Chloromycetin, 60 mg/kg + 
arsenoxide, 10 mg/kg 25 10 5 1 1 


* Relapsed within 24 hr. 
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increasing the dosage of one or the other drug. These 
observations prove that the receptors of the cell did 
not lose their sensitivity to the therapeutic action of 
the interfering drugs; provided the drug arrives in 
sufficient quantity a therapeutic effect will take place. 

3) Fractions of the minimal dose of terramycin, 
aureomycin, and chloromyecetin are sufficient to inter- 
fere with the therapeutic effectiveness of arsenoxide. 
This is another fact confirming the view that interfer- 
ence is independent of a cellular lesion (and of the re- 
ceptors). Therapeutically ineffective doses of one drug 
are sufficient to compete with the cellular fixation 
mechanism of the other drug to an extent that reduces 
its uptake below effective levels. 

4) The possibility that chemoreceptors influence this 
phenomenon is minimized or excluded by other facts 
which demonstrate that the interfering effect is inde- 
pendent of therapeutic action. The fundamental obser- 
vation that led to interference studies was made with 
an inactive drug. Morgenroth and Rosenthal (15) re- 
ported in 1911 that the trypanocidal activity of anti- 
monyltartrate was inhibited by hexatantalate, an in- 
effective compound that could, nevertheless, induce 
drug resistance to antimonials. The inhibiting effect of 
the inactive hexatantalate was obtained later for cer- 
tain arsenicals (e.g., arsphenamine), but not for others 
(arsenoxide) (16). Interference between two active 
drugs was observed first by Browning and Gulbransen 
in 1922 (17) with pararosaniline/acriflavine and a 
trypanosome strain that was resistant to pararosani- 
line itself. Pararosaniline-resistant strains showed the 
same interference phenomenon with pararosaniline / 
arsphenamine and pararosaniline/arseeatine (16, 18) 
as did normal strains. Thus the sensitivity of the 
microorganism to the therapeutic effect of the drug 
is not a determining factor in the interference phe- 
nomenon. In fact, Hasské (79) quantitatively demon- 
strated that certain therapeutically ineffective tri- 
phenylmethane dyes decrease the fixation of acriflavine 
in the trypanosomes. 

In relation to these observations we investigated 
whether penicillin, aureomyein, terramyein, and chlo- 
romycetin—which are inactive in the Trypanosoma 
equiperdum infection of mice—have any influence on 
the trypanocidal activity of arsenoxide. No measurable 
effect was found. We also established that chloromyce- 
tin, aureomycin, and terramycin do not influence the 
host toxicity of arsenoxide. 

5) The characteristic time /effect curves of the in- 
terfering drugs in our study permitted the demon- 
stration of the reciprocal nature of the interference 
between active drugs. This reciprocal effect is most 
suggestive of a competitive mechanism. It is difficult, 
in general, to attribute therapeutic effect to one or the 
other of the interfering drugs. We are, however, under 
the impression that the reciprocity of the interference 
is much more frequent than has been demonstrable so 
far; and, consequently, we consider that the positions 
of the “interfering” and the “interfered” drugs may be 
only relative, depending on the particular conditions 
of the experiment. 
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6) The possibility that the competitive process takes 
place at the level of the receptors (i.e., that it should 
be biochemical in nature) rather than in the fixation 
process is considered unlikely—a view substantiated 
not only by the facts outlined but by logic. (a) If two 
active drugs are acting on the same sensitive receptors 
(i.e., by identical biochemical lesion), it is not eon- 
ceivable that the displacement of one active drug by 
another should result in a lower therapeutic effect, 
except in the ease of extreme quantitative differences 
of activity, which im tie examples studied do not occur. 
(b) If the two drugs are acting on different receptors, 
the effect of the lesions determined by one drug could 
not influence those attributable to the other in any 
way except synergistically. An interesting example is 
the interference described for arsenoxide and aureo- 
mycin (or terramycin), in view of the fact that, in 
accordance with ‘heir dithiol reactivity, these drugs are 
assumed to have different receptors. 

7) We assume that the underlying cause for com- 
petitive fixation is an analogous absorption-fixation 
pattern of the interfering drugs. Hypothetically this 
might depend on a similar mechanism of cellular up- 
take (e.g., analogous binding forces), or on the fixa- 
tion of the two drugs by the same specialized zones 
of the cellular surface. It would be difficult to imagine 
the number of possibilities which a polyphase struc- 
ture such as that of the protoplasm might possess as 
far as mechanisms of fixations are concerned, consid- 
ering that even the surface of homogeneous materials 
presents differentiated patches of adsorptive power in 
relation to various substances (20). Quastel and Wool- 
dridge (21), studying the effect of various chemicals 
on resting Bacillus coli, a quarter of a century ago, 
expressed the view that the cell surface is composed 
of active centers “made up of a number of groupings 
each of which plays its part in determining the access 
of a substrate to the centre.” 

Without the concept of a differentiated and elective 
cellular absorption (fixation-penetration), it would be 
extremely difficult to explain why interference does 
not occur each time two active drugs, each of which is 
no doubt becoming bound to the microorganism, are 
used. 

Possibly it is in relation to an analogous mechanism 
of uptake that the three antibiotics which interfere 
with arsenoxide (and possess similar spectra) are the 
same antibiotics which exert—like arsenoxide itself— 
a high in vitro action against the spirochetes (2). 

Therapeutic interference (which is the name given 
to the phenomenon by Browning and Gulbransen) can 
take place between an antibiotic and a totally differ- 
ent type of compound (arsenoxide), as well as between 
two antibioties (6-10). Also, in bacterial infection, we 
ean cite a ease of interference between an antibiotic 
and a metallie compound: gold-sodium-thiomalate in- 
terferes with the therapeutic activity of subtilin in the 
hemolytic streptococeus infection of mice, as noted by 
one of us in collaboration with B. 8S. Schwartz in 
1949 (22). 

These findings seem to indicate that antibiotics pos- 
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sess the same aptitude as other drugs to enter into 
antagonistic pairs. No doub+ the “antibiotic antagon- 
ism” is only a particular example in the broader field 
of the therapeutic interference, and it could be ex- 
amined in this light. It is claimed (23) that the inter- 
ference of chloromycetin with the antibacterial action 
of penicillin is related to the bactericidal function of 
the latter antibiotic, since interference appeared only 
in this early phase of action; further, that the bac- 
tericidal action of penicillin is not exerted on the 
microorganism in a state of bacteriostasis determined 
by the interfering antibioties (9). In view of the fact 
that in all cases of interference there is an optimal 
time element—as established first in 1911 (15)—which 
may be related to the time period required for fixa- 
tion, it remains questionable whether the conditions 
described as the cause of the interference between two 
antibiotics are not rather incidental. 

We realize, of course, that the assumption of a dif- 
ferentiated process of fixation does not simplify the 
question of the mechanism of antiprotozoan action; in 
fact, for its understanding, new questions have to be 
answered (the mode and factors responsible for it, 
grouping of drugs from standpoint of fixation, ete.). 
No single mechanism of action is conceivable, however, 
that could account for the complex and highly specific 
manifestations of antiprotozoan action, such as the 
selective action of chemically similar drugs, or the 
different dispersion of antimicrobial spectra. These 
could be better understood as being linked to a num- 
ber of superimposed mechanisms which may vary to 


different extents from one to another drug /microor- 
ganism system. 
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News and Notes 


Centennial Convention, A.Ph.A. 


More than 1500 pharmacists from all parts of the 
world converged on Philadelphia Aug. 17-22 for the 
1952 convention of the American Pharmaceutical As- 
sociation, which was observing its 100th anniversary. 
The association was founded in 1852 by 24 progressive 
pharmacists; today, a hundred years later, it lists a 
membership of over 25,000, from all branches of 
pharmacy. 

The convention officially opened Aug. 17 with an 
address by Clarence E. Pickett, honorary secretary of 
the American Friends Service Committee. A symphony 
concert by 45 musicians, recruited largely from the 
Philadelphia Orchestra, was a part of the opening 
exercises. The concert was under the direction of 
Norman Black. Hugh C. Muldoon, dean of the College 
of Pharmacy, Duquesne University, Pittsburgh, and 
chairman of the Committee on the Centennial Cele- 
bration, presided at this program, and Don FE. 
Francke, president of the A.Ph.A., gave a short ad- 
dress of weleome before Dr. Pickett spoke. 
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In his address Dr. Pickett urged Americans to have 
increased interest in the peoples of other nations, and 
to accept the humanitarian responsibilities forced upon 
America as the leading world power. He further stated 
that if people at large would apply the same integrity 
to their lives and their understanding of world con- 
ditions as the pharmacist and the scientist apply in 
their everyday work, the world would be far better 
for all. 

The business sessions of the convention began on 
Aug. 18 with the first meeting of the House of Dele- 
gates and the first general session. The House which, 
as the association’s governing body, is made up of 
delegates from all branches of pharmacy, including 
teaching, manufacturing, wholesaling, retailing, Jaw 
enforcement, and research, heard committee reports, 
named committees, and considered organizational 
plans. At the first general session, welcoming ad- 
dresses by the local committee were followed by a 
tribute to the past presidents of the association by 
Robert L. Swain, editor of Drug Topics, and a past 
president of the A.Ph.A., who spoke on “The A.Ph.A. 
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Presidency—a Symbol of Duty and Obligation.” Six- 
teen of the 19 living past presidents were present, 
and each received a special citation and a lapel pin 
in testimony of his untiring efforts in behalf of the 
association’s growth. Following the presentation of 
the citations, Dr. Swain then presented one to Presi- 
dent Francke, who was to retire later in the week 
when the president-elect was inaugurated. 

Dr. Francke delivered his presidential address at 
this meeting, reviewing the hundred-year history of 
the association and noting areas for future develop- 
ment. Singling out the need for more local branches, 
to bring the activities of the association closer to the 
rank and file of the membership, Dr. Francke urged 
the creation of more branches to serve as centers for 
the professional life of pharmacists, and to foster the 
professional development of young college graduates. 

At the second general session, W. J. Tristram, 
president of the Pharmaceutical Society of Great 
Britain, reviewed the results of the National Health 
Service program in Great Britain. Emphasizing that 
he was not urging adoption of a similar plan for 
the United States, he nevertheless pointed out that 
Britain’s social program resulted in early diagnosis 
of physical ills and more immediate treatment, which 
undoubtedly had had some effect on the life span of 
the British people. Mr. Tristram was followed by 
Louis H. Bauer, president of the American Medical 
Association and secretary-general of the World Med- 
ical Association. Dr. Bauer provided the 1000 mem- 
bers of the A.Ph.A. in attendance at the session with 
the first official description of the work of the World 
Medical Association that they had yet heard. Report- 
ing on the surveys of health conditions in foreign 
countries, Dr. Bauer noted that this was but one of 
the many achievements of the organization in its brief 
existence. He, too, called upon the pharmacists to pay 
more attention to the problems of health throughout 
the world in the years to come. 

President-elect Richard Q. Richards, of Fort Myers, 
Fla., who was installed on Thursday at the close of 
the convention, in his inaugural address called upon 
representatives of the American Medical Association, 
the American Dental Association, and the American 
Nurses Association to meet with representatives of 
the A.Ph.A. to formulate an “Interprofessional Code 
of Ethics” that would outline the relations between 
and among these health professions. “If such a code 
is promulgated,” Mr. Richards maintained, “many of 
the interprofessional problems now facing us would 
be solved automatically.” 

High light of the week’s convention was Wednesday, 
when the centennial of the American Pharmaceutical 
Association was observed in dramatic afternoon cere- 
monies in the Bellevue-Stratford Hotel, and at a ban- 
quet held in Philadelphia’s Municipal Auditorium. 
Both programs were witnessed by more than 1500 

ple. 

At the afternoon ceremony, representatives of 25 
foreign pharmaceutical and scientific societies pre- 
sented greetings to the A.Ph.A. on its centennial, and 
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representatives of 86 domestic societies joined in the 
academic procession to present their greetings as well. 
A letter from President Truman, paying tribute to the 
Association’s work over the past hundred years, was 
read by Dr. Francke, who also presided at the cere- 
monial session. 

Following the academic procession, the invocation 
was delivered by Elof F. Johnson, eurate of the 
Church of the Redeemer, Bryn Mawr, Pa., himself a 
former pharmacist. W. R. Cutler, president of the 
Pharmaceutical Association of Australia and New 
Zealand spoke in behalf of all the foreign organiza- 
tions present in a tribute to the A.Ph.A., and George 
H. Beal, chairman of the council of the association, 
and director of research at the Mellon Institute, re- 
sponded to Mr. Cutler’s greetings. Maleolm T. Mac- 
Eachern, director of professional relations of the 
American Hospital Association, spoke for the domestic 
organizations, and Leonard Scheele, surgeon general 
of the U. S. Publie Health Service, brought the greet- 
ings of government agencies to the association. Robert 
P. Fischelis, secretary of the A.Ph.A., responded, and 
following the presentation of serolls Ivor Griffth, 
president of the Philadelphia College of Pharmacy 
and Science, delivered the major address on “Values 
that Endure in the Practice of Pharmacy.” It was in 
Dr. Griffth’s college that the American Pharmaceutical 
Association was formed in 1852, and Daniel B. Smith, 
its first president, was also president of the college at 
that time. 

At the banquet, Hugh N. Linstead, a member of the 
British Parliament and secretary of the Pharma- 
ceutical Society of Great Britain, delivered the major 
address and called upon members of the American 
Pharmaceutical Association to take a more active part 
in the affairs of the International Pharmaceutical Fed- 
eration. Noting that the members of the A.Ph.A. had 
attended many of the meetings of the international 
group, Mr. Linstead also urged that an American 
committee be appointed to work with the international 
organization, in an effort to disseminate the work 
of both organizations more widely. 

In addition to the general sessions, meetings of the 
sections of the association were also held. The Scien- 
tific Section heard 120 papers covering a wide range 
of subjects, and most of the papers presented will 
appear in subsequent issues of the Scientifie Edition 
of the Journal of the American Pharmaceutical Asso- 
ciation. Papers read before the sections on Edueation 
and Legislation, Practical Pharmacy, Economics, and 
History will be published in subsequent issues of the 
Practical Pharmacy Edition of the Journal. 

Officers installed at the final general session on 
Thursday morning were: Richard Q. Richards, presi- 
dent; Tom D. Rowe, dean of the University of Mich- 
igan College of Pharmacy, first vice president; and 
Charles Lanwermeyer, chief pharmacist, Abbott Lab- 
oratories, second vice president. New members of the 
council are Henry H. Gregg, of Minneapolis; George 
Moulton, of Peterborough, N. H.; and Walter M. 
Chase, of Parke, Davis & Co. Robert P. Fischelis and 
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Hugo H. Schaefer, dean of the Brooklyn College of 
Pharmacy, continue in office as secretary and treas- 
urer, respectively. 

Nominees for president-elect, to be voted on by mail 
ballot, are Newell Stewart, secretary of the Arizona 
Pharmaceutical Association; F. Royce Franzoni, prac- 
ticing pharmacist of Washington, D. C., and former 
president of the National Association of Boards of 
Pharmacy; and LeRoy Weidle, practicing pharmacist 
of St. Louis, Mo. 


Scientists in the News 


Melvin R. Arnold, formerly with the Girdler Cor- 
poration, has joined the research staff of the Miner 


Laboratories. He will serve as assistant to C. S. Miner, 
Jr. 


Robert C. Cook, editor of the Journal of Heredity 
and director of the Population Reference Bureau, 
Ine., is attending the World Conference on Planned 
Parenthood in Bombay. The conference is sponsored 
by the Family Planning Association of India. Flying 
around the world, Mr. Cook will visit many popula- 
tion trouble spots on his journey. 


William C. Coombs has been named to the staff of 
the Denver University Institute of Industrial Re- 
search. He will serve as a project supervisor with the 
institute. Mr. Coombs was formerly connected with 
the Southwest Research Institute, San Antonio. 


Kenneth Willard Cooper, associate professor of 
biology at Princeton University, has been appointed 
professor of biology and chairman of the Department 
of Biology at the University of Rochester. He will 
succeed Donald R. Charles, who has resigned as de- 
partment chairman in order to devote more time to 
teaching and research, Dr. Charles will remain at the 
uuiversity. 


Alastair Graham, professor and head of the Depart- 
ment of Zoology at Birkbeck College, University of 
London, and a recent recipient of the Keith Prize of 
the Royal Society of Edinburgh, has succeeded 
Charles H. O’Donoghue in the chair of zoology at the 
University of Reading. 


Beno Gutenberg, professor of geophysics and di- 
rector of the Seismological Laboratory at California 
Institute of Technology, has been awarded the Charles 
Legrange Prize by the Académie Royale de Belgique, 
Classe des Sciences, for his geophysical research. The 
prize is given every four years by the scientific divi- 
sion of the government-sponsored Belgian Academy 
for achievements in geophysics. Dr. Gutenberg is also 
serving a three-year term as president of the Inter- 
national Association of Seismology and Physies of the 
Earth’s Interior. 


The 1952 Thurman H. Bane Award, given annually 
by the Institute of Aeronautical Sciences in recog- 
nition of outstanding achievements in aeronautical 
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development, was presented posthumously to Patrick 
L. Kelly, of the U. S. Air Force. Major Kelly's widow, 
Virginia O. Kelly, of Midland, Texas, received the 
award from Albert Boyd, commanding general of 
Wright Air Development Center. The institute also 
gave its 1952 Award to Henry Seeler, of Wright Air 
Development Center’s Aeromedical Laboratory, for 
his development of a high-altitude respirator. 


The staff of the Special Juvenile Delinquency 
Project of the Children’s Bureau has been strength- 
ened by the temporary addition of Charles W. Leonard, 
superintendent of the Illinois State Training School 
for Boys, and Douglas MacNeil, director of the Divi- 
sion of Community Services of the Department of 
Institutions and Agencies of New Jersey. Mr. Leonard 
will be with the project for three months to formulate 
and secure professional acceptance of a code of stand- 
ards for training schools. During the two months he 
is to be with the project, Mr. MacNeil will devote him- 
self to fact-finding and to the campaign for state and 
local action. 


Donald P. Lessig, a graduate student in civil engi- 
neering at Carnegie Institute of Technology, has been 
named Rust Engineering fellow at Carnegie for 1952- 
53. The new fellowship provides a grant of $3300 
for fundamental research work by a graduate student 
in civil engineering. Mr. Lessig’s fellowship project 
is “Pressure Caused by Bulk Storage of Granular 
Materials.” 


Ernest Livingston has been appointed deputy chair- 
man of the Chemistry Department, Brooklyn College, 
and Robert Ginell has been appointed deputy chair- 
man of the Graduate Div'sion of the Chemistry De- 
partment. 


A. A. Miles, who has been director of the Division 
of Biological Standards at the United Kingdom’s Na- 
tional Institute for Medical Research since 1946, and 
deputy director of the institute since 1947, has suc- 
ceeded Alan Drury as director of the Lister Institute 
in London. Following his retirement from the institute 
after nine years of service, Sir Alan is now engaged in 
research in the Agricultural Research Council’s In- 
stitute of Animal Physiology. 


J. Cecil Mitcheson will succeed R. J. Weeks as presi- 
dent of the Institution of Mining Engineers of Great 
Britain for 1953-54. He will take office at the annual 
general meeting in January. 


Cyril Leslie Oakley, who has been associated with 
the Wellcome Research Laboratories at Beckenham, 
England, since 1934—as head of the Immunology and 
Experimental Pathology Department since 1947—has 
been appointed to the Brotherton chair of bacteriology 
at the University of Leeds. He sueceeds James Walter 
McLeod, who retired after 30 years of service. 


John G. Pierce has been appointed assistant pro- 
fessor of physiological chemistry, School of Medicine, 
University of California Medical Center, Los Angeles, 
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with leave of absence, 1952-53, for an Arthritis and 
Rheumatism Foundation Fellowship, Cambridge Uni- 
versity, England. He was formerly assistant professor 
of biochemistry, Cornell University Medical College. 


Richard J. Plunkett has been appointed secretary of 
the newly established Committee on Mental Health of 
the American Medical Association. Dr. Plunkett has 
been a member of the AMA’s editorial staff for the 
past five years. The committee, established in March 
1952, was formed primarily to consider problems in 
psychiatry and mental health. Leo H. Bartemeier, De- 
troit, is chairman. 


Hubert J. Schlafly, Jr., has been elected vice presi- 
dent in charge of engineering of TelePrompTer Cor- 
poration. Mr. Schlafly went to TelePrompTer from 
Twentieth Century-Fox Film Corporation, where he 
was director of television research. Prior to that he 
spent several years with General Electrie at Sche- 
nectady, in its Electronies Laboratories. 


P. A. Sheppard, university reader in meteorology 
in the Imperial College since 1939 and a former staff 
member of the Meteorological Office, has succeeded 
David Brunt, who retired from the chair of meteor- 
ology in the University of London and from the posi- 
tion of head of the Department of Meteorology, 
Imperial College of Science and Technology. 


Louis M. Sherman has been appointed by Ethyl 
Corporation to the post of associate director of 
product development in charge of industrial chemi- 
cals. He will serve on the staff of William T. Hack, 
director of product development. 


Leland B. Ticknor has been appointed instructor in 
chemistry at Swarthmore College. He has been on the 
research staff of the Division of Industrial Coopera- 
tion for the past two years. 


Malcolm P. Tyor, a former associate in medicine at 
Bowman Gray School of Medicine, has joined the 
Medical Division of the Oak Ridge Institute of Nu- 
clear Studies as a clinician. Dr. Tyor has been asso- 
ciated with the internal medicine group at Bowman 
Gray, which has carried out extensive research using 
radioisotopes as a tool in research and therapy. 


Kasen Udyanin, head of the political science faculty 
at Chulalongkorn University, Bangkok, has been ap- 
pointed visiting professor of government at New York 
University. Dean Udyanin has been a member of the 
Chulalongkorn faculty for 20 years and has served 
the Thai government as a provincial governor and 
ministry official. He has also been closely connected 
with the program of mutual security and a technical 
assistant in Thailand and Southeast Asia. 


John C. Warner, president of the Carnegie Institute 
of Technology, James B. Fish, a former director of the 
AEC Division of Research and now director of physi- 
eal research of the Bell Telephone Laboratories, and 
Eugene P. Wigner, professor of physics at Princeton 
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University, have been named by President Truman to 
membership on the General Advisory Committee of 
the Atomie Energy Commission. The three succeed 
J. Robert Oppenheimer, James B. Conant, and Lee J. 
DuBridge. 


Charles F. Wilkinson, Jr., professor and chairman of 
the Department of Medicine, New York University 
Post-Graduate Medical School, delivered the 36th 
Mellon Lecture before the Society for Biological Re- 
search of the School of Medicine, University of Pitts- 
burgh. Dr. Wilkinson spoke on “Present Concepts of 
Atherosclerosis.” 


Education 


Cornell University has established a Statistics Cen- 
ter to coordinate its consulting and teaching facilities 
in this field. Acting director will be Philip J. 
McCarthy, of the New York State School of Industrial 
and Labor Relations at Cornell. 


The University of Illinois College of Medicine has 
appointed Erika Fromm clinical assistant professor 
in the Department of Otolaryngology, where she will 
direct the psychological aspects of the department’s 
project on the diagnosis, psychotherapy, and eduea- 
tional handling of the brain-injured child. Louis 
Halperin has been appointed clinical assistant pro- 
fessor in the Department of Psychiatry. 


The Department of Geology at Massachusetts In- 
stitute of Technology has been renamed the Depart- 
ment of Geology and Geophysics in recognition of the 
increased emphasis on instruction and research in 
geophysics. Two separate courses, one leading to a 
B.S. in geology and the other to a B.S. in geophysies, 
are now being offered. Both require the summer fol- 
lowing the sophomore year to be spent at the MIT- 
Nova Seotia Centre for Geological Sciences at Anti- 
gonish. Following the junior year, students may 
participate in a cooperative seismie program with Geo- 
physical Service, Ine., of Dallas. 


Western Reserve University’s School of Law will 
inaugurate a new graduate program in legal medicine, 
beginning in February. First course will be “Medical 
Aspects of Civil Litigation,” and as the program ex- 
pands, it will provide courses for lawyers, doctors, 
social workers, police prosecutors, and coroners. 


At the University of Wisconsin, Aksel Lydersen, of 
the Technical Institute of Norway, Trondheim, is en- 
gaged in a study of American methods of education in 
chemical engineering. As a university project asso- 
ciate he is working with W. R. Marshall, Jr., on prob- 
lems in vacuum drying and in design of spray equip- 
ment, and with O. A. Hougen on phases of applied 
chemical kinetics. Karl-Axel Melkerssen, of the Royal 
Technical Institute of Stockholm, is working under the 
direction of C. C. Watson on the fundamentals of 
separation processes. He holds a Swedish-American 
Foundation scholarship. 
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Grants and Fellowships 


The Commonwealth Scientific and Industrial Re- 
search Organization, Melbourne, is offering student- 
ships for postgraduate training both in Australia (15) 
and for training in the United Kingdom (9). Each 
will be for two years, and stipends will range from 
£A500 to £A600. Applications close on Dec. 24. 


Three Fellowships in Statistics at the University of 
Chicago for 1953-54 are open to holders of the Ph.D. 
or its equivalent. The fellowships represent the third 
year of a five-year program supported by the Rocke- 
feller Foundation to acquaint established research 
workers in the biological, physical, and social sciences 
with the crucial role of modern statistical analysis 
in planning experiments and in the study of empirical 
data. Closing date for applications is Feb. 1, and 
instructions for applying may be obtained from the 
university’s Committee on Statistics, Chicago 37. 


The National Foundation for Infantile Paralysis has 
available a limited number of postdoctoral fellowships 
in public health and preventive medicine. Stipends are 
based on individual need, but may cover tuition, 
maintenance, and an allowance for books. Candidates 
must be U. S. citizens, graduates of an approved 
school of medicine, and must have completed at least 
a one-year hospital internship. Also available is a 
limited number of postdoctoral clinical fellowships in 
physical medicine and rehabilitation. Eligibility re- 
quirements are the same, except that the age limit is 
40. Full information may be obtained from the foun- 
dation’s Division of Professional Education, 120 
Broadway, New York 5. 


RCA Fellowships, ranging from $1800 to $2700, 
have been awarded by Radio Corporation of America 
to the following graduate students: Oscar Oliver, Jr. 
(New York University) ; Hardy C. Martel (Caltech) ; 
Edgar Lipworth, of Salford, England (Columbia 
University) ; Mitchell S. Cohen (Cornell); Peter H. 
Lord (Princeton) ; and Edward W. Schwarz (Univer- 
sity of Illinois). 


Research Corporation has recently made grants 
totaling $120,000 to colleges, universities, and scien- 
tifie institutions for specific research projects. Of the 
current grants, more than $85,000 is being distributed 
under the Cottrell grants program, named for the 
corporation’s founder, to aid science and teaching in 
small colleges. The remainder will be used to support 
research primarily in the physical sciences. 


Rockefeller Foundation grants for the third quarter 
of 1952, amounting to approximately $575,800, in- 
eluded a five-year grant of £25,000 to the University 
of Edinburgh Medical School; $26,000 to the Ameri- 
can Museum of Natural History toward the costs of 
a restudy by Margaret Mead of a village community 
on Manus, one of the Admiralty Islands; $40,000 to 
the University of Lund for research in genetics and 
plant breeding; a five-year grant of $50,000 to the 
University of Uppsala to provide technical assistance 
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to Arne Tiselius in his new headquarters at the Bio- 
chemical Institute; and $20,000 to the Haskins Labo- 
ratories, New York, for research in protozoological 
chemistry under S. E. Hutner. Numerous grants were 
given for research equipment, assistance, or visits. 


In the Laboratories 


Battelle Memorial Institute has laid the cornerstone 
(which included the usual “time capsule”) for its new 
research center at Frankfurt/Main and has announced 
that it will establish another center at Geneva. A 
program of fellowships for students in German and 
Swiss universities is planned, those in Germany to be 
administered by the Stifterverband fur die Deutsche 
Wissenschaft, e. V., and those in Switzerland by the 
Swiss Federal Institute of Technology. The site for 
Battelle-Frankfurt was donated by the city of Frank- 
furt. 


Bell & Howell Company was the first-place winner 
in the Industrial Management Society’s second 
Methods Improvement Competition. Second and third 
prizes were awarded to the Birtman Electric Company, 
of Rock Island, Ill., and the Upjohn Company, of 
Kalamazoo, Mich. Awards were presented at the 
annual National Time and Motion Study Banquet in 
Chicago. 


El-Tronics, Inc., has expanded its research and in- 
dustrial facilities in Philadelphia by the acquisition of 
an additional 17,000 square feet of space at Fifth & 
Noble Sts. 


The Encephalitis Investigations Unit of the Public 
Health Service has been transferred from Kansas 
City, Kan., to Greeley, Colo., summer headquarters 
for field work. Early in 1953 a section of the Virus 
Laboratory at Montgomery, Ala., will be established 
in Greeley, thus unifying field and laboratory studies. 

A new scientific center for the British lace industry 
is the Lace Research Association’s new laboratories at 
Bilborough, Nottingham. The center will seek to im- 
prove methods of production, the range of goods, and 
mechanical productivity. Its work is finaneed in part 
by the proceeds of a statutory levy from all the manu- 
facturing sections of the trade, in part by subscrip- 
tion, and by a government grant based on the amount 
of money raised in the industry. 


Lederle Laboratories Division, American Cyanamid 
Company, has added Sherman L. Burson, Jr., of 
Pittsburgh, to the staff of the Organie Chemistry 
Department, and Marvin Rosen to the staff of the 
Chemical Research Department. 


The National Cancer Institute of the National Insti- 
tutes of Health has established two new branches— 
the Research Medicine Branch, under Roy Hertz, 
chief; and the Clinical Medicine and Surgery Branch, 
under Robert R. Smith, acting chief. Dr. Hertz was 
head of the former Endocrinology Branch, and Dr. 
Smith has recently been appointed chief surgeon of 
National Cancer Institute. 
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Meetings and Elections 


The American Academy for Cerebral Palsy, at its 
annual meeting in Durham, N. C., elected the follow- 
ing officers: president, Arnold Gesell; president-elect, 
Meyer A. Perlstein; secretary-treasurer, Harry E. 
Barnett. 


The American Society of Photogrammetry will hold 
its annual meeting Jan. 14-16 at the Shoreham Hotel, 
Washington, D. C. A panel on “Arctie Mapping,” a 
joint Canadian and U. S. project will be one of the 
high lights. One day will be devoted to photo in- 
terpretation and its applications to science, industry, 
and military intelligence. A preprogram tour of the 
Engineer Research and Development Laboratories, 
Fort Belvoir, Va., will be conducted Jan. 13 for those 
registered prior to that date. Louis J. Reed, 201 
Wellington Dr., Alexandria, Va., is chairman of the 
Program Committee. 


A symposium on Automatic Computing Equipment 
in Industry will be held in Kansas City, Mo., Jan. 8-9. 
It will be sponsored by Midwest Research Institute in 
cooperation with loeal sections of the American So- 
ciety of Mechanical Engineers, the American Society 
of Civil Engineers, American Institute of Chemical 
Engineers, Instrument Society of America, American 
Institute of Electrical Engineers, Institute of Radio 
Engineers, and the Society of Automotive Engineers. 
Representatives from industry, government, and edu- 
cation will attend and participate in the program. A 
complete digest of the program may be obtained from 
Martin Goland, Midwest Research Institute, 4049 
Pennsylvania, Kansas City, Mo. Advance registration 
is requested. 


The eighth International Medical Cruise Congress of 
the Pan American Medical Association will sail from 
New York on the 8. 8. Nieww Amsterdam Jan. 7 and 
return to New York Jan. 19. The ship will touch at 
Port-au-Prinee, Cartagena, Cristobal, and Havana. 
Scientifie sessions will be held each morning while the 
ship is at sea, and there will be panel discussions on 
special subjects. 


Officers elected by the Society of Motion Picture 
and Television Engineers for two-year terms beginning 
Jan. 1 are: president, Herbert Barnett; vice presi- 
dents, John G. Frayne, Norwood L. Simmons, and 
John W. Servies; secretary, Edward §. Seeley. 
Henry J. Hood, of Eastman Kodak Company, as- 
sumed office as engineering vice president, filling the 
vacancy created by the resignation of F. T. Bowditch. 


A Symposium on Pain will be an outstanding feature 
of the midwinter meeting of the American Academy 
of Dental Medicine at the Hotel Statler, New York, 
Dee. 7. Participants will be Nathan Savitsky, Theodor 
Blum, and Samuel Charles Miller. Joseph L. Bernier 
will act as moderator. For full information, address 
the national secretary, William M. Greenhut, 124 E. 
84th St., New York 28. 
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Miscellaneous 


The American Cancer Society presented its 1952 
Distinguished Service Award posthumously to How- 
ard W. Blakeslee, science editor of the Associated 
Press, in ceremonies held Novy. 12 in New York. 


The University of Chicago and the Chicago Asso- 
ciation of Commerce and Industry will sponsor a cere- 
mony and luncheon on Dee. 2, anniversary of the first 
self-sustained nuclear chain reaction. Enrico Fermi, 
Lawrence A. Kimpton, and Arthur H. Compton will 
speak at the Stagg Field ceremony, and Dr. Compton 
will be the luncheon speaker. His topie will be 
“Atomie Power: Its Birth and Its Human Values.” 
Immediately following the luncheon, there will be a 
panel discussion on “Industrial Uses of Atomic 
Energy in the Next Ten Years,” of which C. H. 
Greenewalt will be moderator. Other panel speakers 
will be Walter H. Zinn, Lawrence R. Hafstad, W. 
Allen Wallis, Charles A. Thomas, Murray Joslin, and 
Drs. Fermi and Compton. 


At the Belfast meeting of the British Association 
fer the Advancement of Science, the Duke of Edin- 
burgh, BAAS immediate past president, presented the 
Endeavour Prizes. First prize went to Aileen Forest, 
assistant lecturer in zoology at the University of 
Aberdeen, for an essay on “The Origin of Life.” A. 
Gilchrist, of Magdalen College, Oxford, who will soon 
start postgraduate work at Brown University, won 
second prize, and R. V. Coates won third prize. Two 
prizes to junior scientists (under 18) were awarded 
to Ivor Johnson, of Wallasey Grammar School, and to 
Soli Lam, an Indian student at Dulwich College. 


Selman Abraham Waksman, Rutgers University 
microbiologist, was awarded the Nobel Prize for 
medicine and physiology by the Council of the Caro- 
line Institute of the University of Stockholm for his 
work in the discovery of streptomycin. The prize is 
worth $33,200 this year. The citation accompanying 
the award said streptomycin was the first effective 
antibiotic found for use against tuberculosis. The 
chemistry prize was shared by two British biochem- 
ists, Archer J. P. Martin and R. L. Millington Synge, 
for the development of the partition chromatography 
process. Edwin Mills Pureell, of Harvard, and Felix 
Bloch, of Stanford, won the physies prize for their 
development of new methods for nuclear magnetic 
precision measurements and their discoveries in this 
field. 


Chemicals wanted by the Registry of Rare Chemi- 
cals, 35 W. 33rd St., Chicago 16, include: sodium 
rhodium chloride; magnesium boride; beryllium 
molybdate; 2,5-diphenyl oxazole; 1,2,3,4-tetrahydro- 
oxine; 2,3,4-trihydroxybenzalaniline; tetramethyl- 
thionine; benzophenone-2,2’-diearboxylic acid; 3- 
chloro-1-butanol; .cis-cinnamaldehyde: 2,4-decadienal ; 
mellitie acid; pseudopellitierine; B-naphthyl hydra- 
zine hydrochloride; hydrocoerulignone; eegonine; 
fainesene; ocimene; tropine; and xanthotoxin. 
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Technical Papers 


The Reduction of Tetrazolium Salts by an 
Isolated Bacterial Flavoprotein* 


Arnold F. Brodie? and Joseph S. Gots 


Department of Microbiology, School of Medicine, 
University of Pennsylvania, Philadelphia 


In a previous publication (7) the authors demon- 
strated that 2,3,5,triphenyltetrazolium chloride (TTC) 
could be enyzmatically reduced by the yeast flavopro- 
tein, diaphorase, with the simultaneous oxidation of a 
molar equivalent of reduced DPN. Recently, Kun (2) 
presented evidence which clearly demonstrated that 
other flavin enzymes (i.e., amino acid oxidases) could 
also reduce this compound. He could not demonstrate 
the reduction of TTC with glycolytic enzymes unless 
mitochondrial fractions were added. Shelton and 
Schneider (3) were able to show that purified xanthine 
oxidase, and diphosphopyridine nucleotide-cytochrome 
e reductase, were able to reduce tetrazolium salts rap- 
idly. The present investigation was undertaken with 
an isolated bacterial enzyme which could reoxidize re- 
duced DPN concurrently with the reduction of TTC 
or neotetrazolium (NTC). 

Mattsen et al. (4) reported the reduction of TTC by 
a glucose dehydrogenase—coenzyme I linked system, 
but it was not mentioned whether flavin enzymes were 
involved. In a later publication Jensen et al. (5) re- 
ported that the tetrazolium salts could be reduced by a 
series of DPN linked dehydrogenase enzymes, includ- 
ing lactic and phosphoglyceraldehyde dehydrogenases. 
They claimed that these systems did not contain flavo- 
proteins or cytochrome oxidase, although no experi- 
mental data were presented to support this conclusion. 
In a previous publication (1) we investigated the 
ability of phosphoglyceraldehyde dehydrogenase to re- 
duce TTC. Under the conditions of the experiment the 
formazan was not produced. We have continued the 
dehydrogenase study with crystalline lactic dehydro- 
genase isolated from rabbit muscle according to the 
method of Korkes et al. (6), aleohol dehydrogenase 
isolated from yeast according to the method of Racker 
(7), and glycerol dehydrogenase isolated from Escher- 
ichia coli by the method of Asnis and Brodie (unpub- 
lished). The reduction of DPN was followed spectro- 
photometrically at 340 mp in the Beckman spectro- 
photometer (model DU), and in no instance did the 
tetrazolium salts interfere with this reduction. The 
formation of formazan and diformazan was followed 
at 485 mu and at 530 mu, respectively, with no evi- 
dence of formazan production by any of the dehydro- 
genases tested. 

An enzyme was extracted from E. coli strain ECFS, 
which could reoxidize reduced DPN (8). The cells 


1 This work has been aided by a grant from the Baton 
Laboratories, Inc., Norwich, N. Y. 


* Present address: Biochemical Research Laboratory, Mas- 
sachusetts General Hospital, Boston. 
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were disrupted by sonic vibration and fractionated 
with ammonium sulfate. The yellow enzyme showed a 
typical flavin spectrum when analyzed in the spectro- 
photometer. This oxidase had no other dehydrogenase 
activity and was inactive with TPN reduced with glu- 

cose-6-phosphate and its dehydrogenase.® 
This enzyme behaved similarly to yeast diaphorase 
in that it could reduce TTC and NTC in the presence 
of reduced DPN. The pH optimum for this reduction 
with the bacterial enzyme was found to be 7.8. The re- 
duction of neotetrazolium could now be reconstituted 
enzymatically with various fractions from one or- 
ganism. In Fig. 1, DPN was reduced with the glycerol 
— NTC ADDED, [7 


ASO 


0.0. AT 340 my 
0.0. AT 530 my 


050 


1 
° 20 40 60 


TIME IN MINUTES 


Fic. 1. The reduction of neotetrazolium by bacterial frac- 
tions. The system consisted of 500 ng DPN, 30 uM glycerol, 
0.5 ml glycerol dehydrogenase, 1 ml M/10 pyrophosphate 
buffer pH 7.8, and distilled water to make a final volume of 
3 ml. After the reduction of DPN had reached a plateau, 100 
ug NTC was added and followed at 530 mp for 15 min, 
whereupon 0.1 ml bacterial oxidase (S. Ext. 20.5) was added. 


dehydrogenase fraction isolated from E. coli (ECFS). 
Upon the addition of NTC no reduction occurred 
during a 15-min period. When the oxidase fraction 
of the same organism was added, the reduction of 
NTC (and the simultaneous reoxidation of reduced 
DPN) oceurred. Two moles cf reduced DPN were 
found to be necessary for the reduction of one mole 
of NTC—i.e., 0.10 uM of reduced DPN were oxi- 
dized for 0.056 4M of neotetrazolium reduced. 

To characterize the prosthetic group of the enzyme, 
the following method was employed. Manometrie ex- 
periments were performed in which the oxygen uptake 
was followed with reactivated D-amino acid oxidase 
apoenzyme prepared from pig kidney.* Various con- 

*The reduced TPN was kindly supplied by Dwight B. 
MeNair Scott, of Children’s Hospital, Philadelphia. 

*The D-amino acid oxidase apoenzyme and flavin adenine 
dinucleotide (95% of the total flavin present) were gener- 


ously supplied by Leslie Hellerman, of the Johns Hopkins 
Medical School. 
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Fig. 2. Reactivation of bacterial oxidase after dialysis in 
dilute HCl. The system consisted of 0.5 ml bacterial enzyme, 
24 ug FAD, 100 pg neotetrazolium, 1 ml M/10 pyrophosphate 
buffer pH 7.8, and distilled water; incubated for 10 min 
before the addition of 1000 ng reduced DPN to make a final 
volume of 3 ml. Control systems are indicated. 


centrations of flavin adenine dinucleotide (FAD) were 
added in order to determine the rate of oxygen uptake 
as a function of the flavin concentration. The flavin 
content of the hydrolyzed bacterial oxidase was then 
determined in the same manner. It was capable of re- 
activating the D-amino acid oxidase apoenzyme. The 
nonhydrolyzed enzyme failed to reactivate the oxidase. 
Although the data indicated the presence of FAD, 
it seemed essential to demonstrate the necessity of this 
coenzyme for enyzmatie activity. By dialyzing the 
bacterial enzyme for 24 hr in the presence of dilute 
HCl and potassium monobasic phosphate, similar to 
the method of Warburg and Christian (9), an apoen- 
zyme was prepared which was inactive in the presence 
of reduced DPN and neotetrazolium (Fig. 2). When 
FAD was incubated with this apoenzyme, the system 
was reconstituted, and about 60% of the original ac- 
tivity was recovered. Neither reduced DPN nor FAD, 
alone or combined, could reduce the neotetrazolium. 
By limiting the addition of flavin (Fig. 3), it was 
found that the amount of diformazan produced is a 
function of the concentration of added FAD. Experi- 
ments were performed in which the rate constant in 
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OPTICAL DENSITY (530 My) 
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OF FAD (EXPRESSED AS »G/ML RIBOFLAVIN) 


Fic, 3. Effect of various concentrations of FAD on bac- 
terial oxidase after dialysis in dilute HCl. (Conditions same 
as in Fig. 2.) 
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mole min liter was determined for the oxidation of 
the bacterial enzyme with neotetrazolium and oxygen 
(10). The bacterial enzyme was found to have a 
greater turnover when neotetrazolium was used as an 
electron acceptor. The rate of reaction of neotetra- 
zolium was similar to the rate of reaction of ordinary 
redox dyes such as methylene blue. 

In bacteria the reduction of tetrazolium salts has 
been shown to occur in discrete granules (11). In vitro 
this reduction with isolated bacterial enzymes can be 
accomplished by flavin enzymes. Neither DPN-dehy- 
drogenases nor reduced DPN, per se, can reduce these 
salts to the formazan state. 
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The Grafting of Large Monocotyledonous 
Plants 


Thomas J. Muzik and Carl D. La Rue 


Federal Experiment Station, Mayagiiez, Puerto Rico, 
and Department of Botany, 
University of Michigan, Ann Arbor 


The grafting of plants has been a common horticul- 
tural practice for many centuries. For almost as great 
a stretch of time two ideas have been associated with 
this practice: first, that monocotyledonous plants can- 
not be grafted; and second, that leaves cannot be 
grafted. As late as 1947, Transeau, Sampson, and Tif- 
fany (1) stated, “Neither twig grafting nor budding 
is possible in stems without cambiums.” For successful 
union it was stated by Eames and MeDaniels (2) that 
the cambium of the scion must be united with that of 
the stock. Similar expressions may be found in dozens 
of textbooks. 

In 1946 La Rue and Reissig (3) reported that 
leaves of numerous species could be grafted and found 
that fleshy leaves required a technique different from 
that used with thin ones. 

Calderini (4) reported, more than a hundred years 
ago, that he had made successful grafts of rice on 
barnyard grass. He claimed that by this means he had 
produced a new strain of rice with superior character- 
isties which, thereafter, were transmitted by the seeds. 
The latter statement, however, brings into question the 
validity of the entire paper. Plotnikov (5) made grafts 
in grains, and Monakima and Solevey (6) grafted 
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Fic. 1. Longitudinal section of a sugar-cane stem, showing 
union between scion and stock, 30 days after grafting. Some 
vascular connections between stock and scion are now estab- 
lished. 


monocotyledonous bulbs. La Rue (7), without knowl- 
edge of the work of the three preceding investigators, 
grafted species of Tradescantia, Zebrina, and Com- 
melina. He proved that the vascular bundles of stock 
and seion could unite when pieces of broken inter- 
calary meristems on stock and scion were fastened in 
contact with each other. 

In spite of the preceding records of success, no one, 
so far as the authors are aware, has successfully 
grafted any of the larger monocotyledons. Although 
cambiums are not usually found in monocots, or are 
limited in amount and confined to unusual locations, 
such as bulbs, corms, ete., other meristems do occur. 
The most important of these in this study was the 
interealary meristem, a region just above the node 
which retains its meristematic qualities long after the 
rest of the stem is mature. By appropriate manipula- 
tion of this structure, successful grafts of bamboo 
(Bambusa longispiculata Gamble ex Brandis), sugar 
eane (Saccharum officinarum L.), guinea grass (Pan- 
icum maximum Jacq.), and Merker grass (Pennisetum 
purpureum Schum.) were obtained. On the average 
about 3% of the grafts were successful. 

The method used was very simple. The shoot was 
grasped firmly and broken with a quick jerk. The 
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young, thin-walled cells in the intercalary region are 
weaker than the adjacent mature thick-walled cells, 
and the rupture occurs in this region. The same stem 
may be replaced, or a stem of the same size from an- 
other plant of the species may be inserted. An exact 
fit is very important, but trimming the edges of the 
graft proved deleterious. In most of the plants tested, 
the leaf sheath served to support the graft. It was ad- 
vantageous to tie the grafts firmly to ensure even, con- 
tinuous contact. Best results were obtained with young, 
vigorous material. 

Histological sections were made at various stages 
of the graft union and stained with fast green and 
safranin. At the junction of stock and scion a week 
after grafting there is a thin dark layer, which is 
probably formed in part by the remnants of cells in- 
jured in rupturing the stock and scion and in part by 
oxidation on the surfaces of cells torn apart but with 
walls left intact. Resorption of this contact layer 
oceurs first between the ruptured vascular bundles and 
is more or less limited to these areas. Cell prolsferation 
occurs simultaneously along the edges of both stock 
and scion, and a band of cambiumlike tissue is some- 
times formed. In successful grafts, this layer is usually 
limited to a few tiers of cells. These parenchyma cells 
differentiate into short, lignified tracheids, with sealari- 
form thickening, and reunite the vascular bundles. It 
is apparent that survival of the graft is dependent on 
the successful resorption of the contact layer, at least 
between the broken vascular bundles. Definite vascular 
connections were first observed about 4-6 weeks after 
grafting (Fig. 1). 

During this period the scion remains green, but no 
elongation occurs. New growth occurs from terminal 
or axillary buds. In sugar cane, the scions sometimes 
formed roots, giving a fictitious appearance of sue- 
cessful union. After a successful graft begins to grow 
it sometimes continues at about the same rate as on 
intact plants, although on others it may be very slow. 
For example, one of the bamboo grafts grew approxi- 
mately 10 ft in 8 months, whereas another stayed green 
but grew hardly at all over the same period. Grafted 
sugar-cane and guinea grass plants flowered at the 
same time as ungrafted plants. 

Microscopie examination showed that in the rejoin- 
ing of stock and scion, there was seldom perfect juxta- 
position of the vaseular bundles, and the reunion often 
took place in a curve, rather than a straight line. This 
is a clear demonstration of the influence of the vascular 
tissue on the proliferation and differentiation of paren- 
chyma cells. Differentiation oceurs both upward and 
downward, although mostly in a downward direction. 

On the Solomon Island ivyarum, Scindapsus aureus 
(Lindl. & Andre) Engl., a large tropical liana, a dif- 
ferent technique was used. This species does not have 
an interealary meristem, but the actively growing tips 
remain more or less meristematic throughout the 
youngest 3 or 4 internodes. Such tips were grafted 
by inarching, and the unions were made in a trans- 
verse rather than a longitudinal direction. Other grafts 
on this plant were made by rupturing the young inter- 
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node as in the previously described experiments, but 
since these plants have no leaf sheaths, the graft was 
supported with waxed paper tubes slipped over the 
stump and scion, or with bamboo splints, which served 
to hold the broken edges in contact until union oc- 
curred. This suggests that other monocotyledonous spe- 
cies may also be grafted, even though they may lack 
an interealary meristem. 

It is doubtful that these techniques will soon find 
practical application, unless a greater percentage of 
suecess can be achieved, but they should be useful for 
certain types of investigation. 
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Statistical tests are becoming more and more com- 
monly used by professional research workers, tech- 
nologists, and “occasional investigators” such as med- 
ical practitioners. Many of these workers, however, 
find the arithmetic irksome, and, when dealing with 
small samples, they are perturbed by the possibility 
that the simple familiar tests may be misleading. For 
some tests both these problems can be solved by tables 
that demand little or no computation by the user. The 
possible objection to such tables, that they will tend 
to reduce the investigator to « statistical automaton, 
does not, wé think, apply to tables more than to tests 
that require calculation. Repetition of arithmetic does 
not increase insight into the meaning of tests, and re- 
duction of arithmetic may allow emphasis to be placed 
where it should always be placed, on sampling and 
inference. 

In order to solve the two problems reliability of ver- 
dicts and reduction of arithmetic, tables for use in 
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contingency tests and in the estimation of binomial 
confidence limits were published in an article on sta- 
tistical methods for medical research workers by the 
National Research Council of Canada in 1948 (1). 
That article is now out of print, but copies are still 
requested by workers in many branches of applied 
science. Revision and extension of the tables have 
therefore been undertaken, and the first two of the 
new series are presented here. 

Purpose. These two tables are primarily for the 
comparison of equal samples, with individuals classi- 
fied as A and not-A, and arranged in a fourfold con- 
tingency table; for instance: animals wounded by the 
same method and randomly allocated to two diets for 
comparison of fatality rates; two successive differen- 
tial blood counts from the same patient to show a 
change in the neutrophil leukocyte percentage; sam- 
ples of an industrial product made by two slightly dif- 
ferent machines and examined for proportions defee- 
tive; samples of tagged fish or birds liberated in dif- 
ferent localities or under different conditions, for com- 
parison of proportions subsequently recovered. 

In each instance, if the investigator wishes to make 
allowance solely for random sampling (chance) varia- 
tion he will ordinarily apply the chi-square contin- 
gency test, introducing for greater accuracy Yates’ 
correction for continuity; or he may use an equivalent 
form of the standard error of the difference between 
two proportions. Owing to the smallness of samples 
or skewness of distributions, one or more of the ex- 
pected values in the x? calculation may be small, and 
the smaller the expected value the less dependable is 
the x? test, even with Yates’ correction. The investi- 
gator can apply certain empirical rules (2) to deter- 
mine the safety of the test, and if it is unsafe he ean 
do a further caleulation and use Table VIII of Fisher 
and Yates (3). If that is insufficient he can caleulate 
the exact probabilities (Fisher [4], See. 21.02).* 

Our tables can be substituted for all these methods, 
even the initial x? caleulation, when the samples are 
equal and when, as is usually the case, the investigator 
requires only an assessment of significance at the con- 
ventional 5% and 1% levels—i.e., when the standards 
are P=0.05 and P=0.01, where P is the probability 
for x? or the corresponding (two-tailed) exact prob- 
ability. 

Method of using the tables. Let us imagine two sam- 
ples, V and W, each containing 30 individuals. V is 
composed of 17 Xs and 13 Ys; W, 20 Xs and 10 Ys. 
For ease in entering our tables, we form a contingency 
table, with the order of the samples changed, thus: 


Sample Y(As) X (not-As) Total (NV) 
(1) W 10 20 30 
(2) V 13 17 30 


The W sample, having the greater diserepancy between 
X and Y, is placed in the upper line and becomes 
Sample (1) ; and in that sample the smaller value, 10, 

2 Sometimes this method is incorrectly referred to as “the 


exact chi-square” method. The distinction can be illustrated 
in an elementary way by a sampling experiment (2). 
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TABLE 1 


MINIMUM CONTRASTS REQUIRED IN FouRFOLD CONTINGENCY TABLES FOR 


SIGNIFICANCE AT THE 5% LEVEL 


N As in Sample (1)/As in Sample (2) 
4 0/4 1/- 2/- 
5 0/4 1/5 2/- 3/- 
6 0/5 1/6 2/- 3/- 
7 0/5 1/6 2/7 3/- 
8 0/5 1/6 2/7 3/8 4/- 
9 0/5 1/6 2/8 3/8 4/9 
10 0/5 1/7 2/8 3/9 4/10 5/10 
11 0/5 1/7 2/8 3/9 4/10 5/11 
12 0/5 1/7 2/8 3/9 4/10 5/11 6/12 
13 0/5 1/7 2/8 3/9 4/10 5/11 6/12 
14 0/5 1/7 2/8 3/10 4/11 5/12 6/12 7/13 
15 0/5 1/7 2/9 3/10 4/11 5/12 6/13 7/14 
16 0/5 1/7 2/9 3/10 4/11 5/12 6/13 7/14 8/15 
17 0/5 1/7 2/9 3/10 4/11 5/12 6/13 7/14 8/15 
18 0/5 1/7 2/9 3/10 4/11 5/12 6/13 7/14 8/15 9/16 
19 0/5 1/7 2/9 3/10 4/11 5/12 6/14 7/14 8/15 9/16 
20 0/5 1/7 2/9 3/10 4/11 5/13 6/14 7/15 8/16 9/16 10/17 
30 0/6 1/8 2/9 3/11 4/12 5/13 6/15 7/16 8/17 9/18 10/19 15/24 
40 0/6 1/8 2/9 3/11 4/12 5/14 6/15 7/16 8/18 9/19 10/20 20/30 
50 0/6 1/8 2/10 3/11 4/13 5/14 6/15 7/17 8/18 9/19 10/20 11/22 25/36 
60 0/6 1/8 2/10 3/11 4/13 5/14 6/16 7/17 8/18 9/20 10/21 11/22 12/23 13/24 14/26 /15/27 30/42 
70 0/6 1/8 2/10 3/11 4/13 5/14 6/16 7/17 8/18 9/20 10/21 11/22 12/23 13/25 18/30 19/32 20/33 
35/48 
80 0/6 1/8 2/10 3/11 4/13 5/14 6/16 7/17 8/19 9/20 10/21 11/22 12/24 13/25 14/26 15/27 16/29 
23/36 24/38 40/54 
90 0/6 1/8 2/10 3/11 4/13 5/14 6/16 7/17 8/19 9/20 10/21 11/23 12/24 13/25 14/26 15/28 20/33 
21/35 31/45 32/47 44/59 45/59 
100 0/6 1/8 2/10 3/11 4/13 5/15 6/16 7/17 8/19 9/20 10/21 11/23 12/24 13/25 14/27 18/31 19/33 
25/39 26/41 50/65 
150 0/6 1/8 2/10 3/12 4/13 5/15 6/16 7/18 8/19 9/20 10/22 11/23 12/24 13/26 14/27 15/28 16/30 
19/33 20/35 25/40 26/42 32/48 33/50 41/58 42/60 75/93 
200 0/6 1/8 2/10 3/12 4/13 5/15 6/16 7/18 8/19 9/21 10/22 11/23 12/25 13/26 14/27 15/29 18/32 
19/34 22/37 23/39 27/43 28/45 33/50 34/52 41/59 42/61 51/70 52/72 65/85 66/87 100/121 
300 0/6 1/8 2/10 3/12 4/13 5/15 6/16 7/18 8/19 9/21 10/22 11/24 12/25 13/26 14/28 15/29 16/30 
17/31 18/33 19/34 20/35 21/37 24/40 25/42 29/46 30/48 35/53 36/55 41/60 42/62 48/68 
49/70 56/77 57/79 66/88 67/90 78/101 79/103 95/119 96/121 150/175 
400 0/6 1/8 2/10 3/12 4/13 5/15 6/17 7/18 8/19 9/21 10/22 11/24 12/25 13/26 14/28 15/29 16/30 
17/32 20/35 21/37 24/40 25/42 28/45 29/47 33/51 34/53 38/57 39/59 44/64 45/66 51/72 
52/74 58/80 59/82 67/90 68/92 76/100 77/102 87/112 88/114 100/126 101/128 117/144 
118/146 141/169 142/171 200/229 
500 0/6 1/8 2/10 3/12 4/13 5/15 6/17 7/18 8/19 9/21 10/22 11/24 12/25 13/26 14/28 15/29 16/30 


17/32 18/33 19/34 20/36 23/39 24/41 27/44 28/46 32/50 33/52 37/56 38/58 42/62 43/64 
48/69 49/71 55/77 56/79 62/85 63/87 70/94 71/96 79/104 80/106 89/115 90/117 100/127 


101/129 113/141 114/143 128/157 129/159 147/177 148/179 172/203 173/205 


250/282 


is placed on the left and classified as “A.” We now 
take from this table the pair of figures 10/13 and enter 
Table 1 at N =30. There we find 10/19,-which means 
that, corresponding to 10 As in Sample (1), we re- 
quire in Sample (2) at least 19 As for significance at 
the 5% level. Our observed difference, therefore, is not 
significant. 

If, instead of 10/13, the observed contrast had been 
10/20, the difference would have been significant at 
the 5% level; but Table 2 shows that it would not have 
been significant at the 1% level, which requires at least 
21 As in Sample (2) for contrast with 10 in Sample 
(1). (Entries such as “2/—” at N=4 in Table 1 indi- 
eate that, however much the number of As in Sample 
(2) was increased, even as far as N itself, the contrast 
could not reach the level of significance. For N less 
than 4, no entries are given, because with samples of 
3 or less the 5% level cannot be reached. Likewise, in 
Table 2 no entries are given for N less than 5.) 
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Interpolation. To save space, many entries have 
been omitted, but they are easily supplied. Thus, at 
N =30 in Table 1 there is a gap between 10/19 and 
15/24, but it will be noted that the difference between 
10 and 19 is 9, the same as the difference between 15 
and 24, The missing items are therefore: 11/20, 12/21, 
13/22, and 14/23. 

Interpolation between values of N will seldom cause 
serious doubt. If two samples, each with 320 indi- 
viduals, contained, respectively, 92 and 117 As, we 
should find from Table 1 that the contrast for N = 300 
is 92/116, and for N = 400, it is 92/118. We should 
conclude that the difference between our samples was 
in the neighborhood of significance at the 5% level, 
with P more likely to be less than 0.05 rather than 
greater, because 320 is nearer to 300 than to 400. This 
would be correct, because x? (with Yates’ correction) 
for the observed samples is 4.092, which Table VIII 
of Fisher and Yates shows to be significant. 
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Again to save space, the values of A in Sample (1) 
are not carried beyond half the sample size. Let us 
consider, therefore, samples with N = 190. One contains 
80 As and 110 not-As; the other, 100 As and 90 not- 
As. For N=200 the minimum contrast in Table 1 is 
found by interpolation between 66 /87 and 100/121. In 
both of these the difference is 21; therefore, the re- 


x is greater than 80. We therefore visualize a fourfold 
table of the form: 


80 70 


150 


> 80 <70 150 


Here the lower line contains the greater diserepaney, 
and so, rearranging the samples as in our first ex- 


TABLE 2 


MINIMUM CONTRASTS REQUIRED IN FourRFOLD CONTINGENCY TABLES FOR 
SIGNIFICANCE AT THE 1% LEVEL 


N As in Sample (1) /As in Sample (2) 


5 0/d 1,-2,- 

6 0/6 1/— 2/- 3/- 

7 0/6 1/7 2/- 3/- 

8 0/6 1/8 2/8 3/-4/- 

9 0/6 1/8 2/9 3/9 4/- 

10 0/7 1/8 2/9 3/10 4/-5/- 


11 0/7 1/8 2/9 3/10 4/11 5/- 

12 0/7 1/8 2/10 3/11 4/11 5/12 6/- 

13 0/7 1/9 5/13 6/13 

14 0/7 1/9 6/14 7/14 

15 0/7 1/9 7/15 

16 0/7 1/9 2/10 3/12 4/13 5/14 6/14 8/16 

17 0/7 1/9 2/11 7/16 8/16 

18 0/7 1/9 2/11 8/17 9/17 

19 0/7 1/9 2/11 9/18 

20 0/7 1/9 2/11 4/13 5/15 6/16 7/16 10/19 

30 0/8 1/10 2/12 3/13 4/15 10/21 15/26 

40 0/8 1/10 2/12 3/14 4/15 5/17 8/20 9/22 19/32 20/32 

50 0/8 1/10 2/12 3/14 4/15 5/17 6/18 7/20 9/22 10/24 25/39 

60 0/8 1/10 2/12 3/14 4/16 5/17 6/19 8/21 9/23 11/25 12/27 19/34 20/36 24/40 25/41 26/41 30/45 
70 0/8 1/10 2/12 3/14 4/16 5/17 6/19 7/20 8/22 10/24 11/26 14/29 15/31 21/37 22/39 32/49 33/49 


34/50 35/51 


80 0/8 1/10 2/12 3/14 4/16 5/18 6/19 7/21 9/23 10/25 12/27 13/29 16/32 17/34 24/41 25/43 38/56 


39/56 40/57 


90 0/8 1/10 2/12 3/14 4/16 5/18 6/19 7/21 8/22 9/24 11/26 12/28 15/31 16/33 19/36 20/38 28/46 


29/48 43/62 44/62 45/63 
100 


0/8 1/10 2/13 3/14 4/16 5/18 6/19 7/21 8/22 9/24 10/25 11/27 14/30 15/32 18/35 19/37 23/41 


24/43 33/52 34/54 47/67 48/67 49/68 50/69 


150 


0/8 1/11 2/13 3/15 4/16 5/18 6/20 7/21 8/23 9/24 10/26 11/27 12/29 14/31 15/33 17/35 18/37 


21/40 22/42 26/46 27/48 31/52 32/54 39/61 40/63 51/74 52/76 75/99 


200 


0/8 1/11 2/13 3/15 4/16 5/18 6/20 7/21 8/23 9/24 10/26 11/27 12/29 13/30 14/32 16/34 17/36 


19/38 20/40 23/43 24/45 26/47 27/49 31/53 32/55 36/59 37/61 43/67 44/69 51/76 52/78 


63/89 64/91 100/127 


300 0/8 1/11 2/13 3/15 4/17 5/18 6/20 7/22 8/23 9/25 10/26 11/28 12/29 13/31 15/33 16/35 17/36 
18/38 20/40 21/42 23/44 24/46 27/49 28/51 31/54 32/56 35/59 36/61 40/65 41/67 45/71 
46/73 51/78 52/80 58/86 59/88 66/95 67/97 76/106 77/108 88/119 89/121 107/139 108/141 
150/183 

0/8 1/11 2/13 3/15 4/17 5/18 6/20 7/22 8/23 9/25 10/26 11/28 12/29 13/31 14/32 15/34 17/36 
18/38 19/39 20/41 22/43 23/45 26/48 27/50 29/52. 30/54 33/57 34/59 37/62 38/64 41/67 
42/69 46/73 47/75 52/80 53/82 57/86 58/88 64/94 65/96 71/102 72/104 79/111 80/113 
88/121 89/123 98/132 99/134 111/146 112/148 127/163 128/165 152/189 153/191 200/238 

0/8 1/11 2/13 3/15 4/17 5/18 6/20 7/22 8/24 9/25 10/27 11/28 12/30 14/32 15/34 16/35 17/37 
19/39 20/41 22/43 23/45 25/47 26/49 28/51 29/53 32/56 33/58 35/60 36/62 40/66 41/68 
44/71 45/73 49/77 50/79 54/83 55/85 59/89 60/91 65/96 66/98 72/104 73/106 79/112 
80/114 86/120 87/122 95/130 96/132 104/140 105/142 115/152 116/154 127/165 128/167 


400 


500 


141/180 142/182 159/199 160/201 184/225 185/227 250/292 


quired contrast is 80/101, which is greater than the 
observed contrast, 80/100. This might suffice for our 
purpose, for it would indicate that the observed dif- 
ference was in the neighborhood of significance. We 
ean, however, obtain a closer estimate by the follow- 
ing procedure, which, although at first sight appar- 
ently somewhat complicated, soon becomes automatic. 

Looking at N= 150, we find that the last entry is 
75/93, but we require a value of the form 80/x, where 
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ample, we look under N = 150 for a contrast of the 
form < 70/70. Obviously it must lie between the last 
two entries, and the difference there—e.g., in 42 /60— 
is 18. Therefore the required contrast is 52/70. The 
second line of the above fourfold table thus becomes 
98; 52; 150. Summarizing, we have for N=150: 
80/98; for N = 200: 80/101. Interpolating linearly, we 
should estimate that for 80/100 the corresponding 
value of N should be about 184. Our actual N is 190; 
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therefore we should doubt if the contrast 80/100 
would be great enough for significance. The exact 
probability, P, derived from the observed pair of sam- 
ples is 0.0508. Therefore our conclusion that the dif- 
ference did not quite reach the 5% level of significance 
would be correct. (Anyone who expects to use our 
tables frequently will find it helpful not only to fill 
in the gaps, but to write out the second half of the 
series for each value of N by the method just indi- 
cated.) 

Application to unequal samples. For samples that 
are almost equal the tables are clearly of use; but even 
with more gross inequality they can give adequate ver- 
dicts regarding significance in two types of case: 

1) When the smaller sample is enlarged to the size 
of the larger (with the original proportions of As and 
not-As unchanged) and Table 1 shows that the dif- 
ference is not significant at the 5% level, it must be 
even farther from the significance level in the original 
samples—i.e., P must be even farther above 0.05. Thus, 
if a sample of 20 contains 5 As and a sample of 40 
contains 15 As, we can imagine that the smaller sample 
is enlarged to contain 40 individuals of which 10 are 
As. With 10/15 we enter Table 1 at N= 40 and find 
that the minimum contrast necessary for significance 
is 10/20. The difference in the original samples is 
therefore not significant. 

This method was applied to the data from an ex- 
periment in which 19 rabbits with a certain skin tumor 
had been treated by injection of a tumor extract. Eight 
rabbits with the same tumor had not been injected, 
and the results were: 


Tumors Tumors 


disappeared _ persisted Total 
Injected 3 16 19 
Not injected 0 8 8 


Since it was known that spontaneous disappearance 
was possible, it was asked: Is there a significant differ- 
ence between the two groups in the incidence of dis- 
appearance of tumors? Table 1 shows that, even if the 
second sample contained 19 rabbits instead of 8, the 
contrast 0/3 under N=19 is far from significant at 
the 5% level. 

2) When the larger sample is reduced to the size of 
the smaller (again with the original proportions un- 
changed) and the tables show that the difference is 
significant, it must a fortiori be significant in the 
original samples—i.e., P must be still farther below 
0.05 (or 0.01). 

It is of interest to apply this rule to the data on 
which Fisher (4) demonstrates the exact test. Among 
13 criminals who were monozygotic twins, 10 had twin 
brothers or sisters who had been convicted. Among 17 
criminals who were dizygotic twins, only 2 had twin 
brothers or sisters with records of conviction. In tabu- 
lar form we have: 


Not 
Convicted Total 
Monozygotie 10 3 13 
Dizygotie 2 15 17 
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To apply our tables by reducing 17 to 13, we should 
reduce 2 and 15 each by about one quarter of its 
original value; but here even this is unnecessary, for 
on entering Table 2 at N=13 we find that 2/10 is 
significant at the 1% level. Therefore, for the actual 
samples, P must be much less than 0.01. The exact 
probability is in fact less than 0.001. 

It is possible that, when a difference is on the verge 
of significance and there is considerable disproportion 
between the As and not-As in one or both samples, 
these two methods of approximate assessment might 
lead one astray; and so, where the verdict from them 
is not quite obvious, the full analysis (x? or the exact 
probability test, as required) should be used. Even in 
these doubtful cases, however, the tables will enable 
one to decide whether calculation is necessary to reach 
a verdict. 

Information on required sample sizes. The tables 
help, also, to indicate sample sizes that may be re- 
quired to establish significance when the observed dif- 
ference is not significant, but we assume, nevertheless, 
that a real (population) difference exists. With sam- 
ples of 20 containing, respectively, 4 As and 7 As, 
the difference is far from significant at the 5% level. 
If, on increasing the sample size, we found that the 
proportions remained the same as in the samples of 
20, we should need two samples of about 100 to give 
a significant difference, for the contrast then would be 
20/35, and at N=100 the contrast 20/34 is sufficient. 

Preparation and reliability of the tables. For N up 
to 20, the entries, obtained from exact probabilities, 
have been extracted from the tables published previ- 
ously (1). For samples of 30 onward, x? with Yates’ 
correction was commonly used, and its significance 
was assessed by Table VIII of Fisher and Yates 
(about 1850 x? values); but where there was any 
doubt the exact probabilities were caleulated (300 com- 
putations). In certain parts of the series it was found 
that the differences between adjacent entries, as ex- 
emplified above, were so constant that x? (or prob- 
ability) caleulations were required only at intervals. 
(A large number of the entries omitted from the tables 
were, however, actually caleulated, and interpolation 
ean be considered safe.) 

When exact probabilities were obtained we were im- 
pressed by the accuracy of the Fisher and Yates table. 
For this reason and also because of the methods, direct 
and indirect, employed in checking the computations, 
we believe that incorrect assessments in our tables must 
be rare, and, as they will be borderline cases, the re- 
sulting error of judgment will be negligible. 
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“Polluted” Water from the Leaching 
of Igneous Rock? 


Robert S. Ingols and Alfred T. Navarre? 


Department of Sanitary Chemistry and Geology, 
Georgia Institute of Technology, Atlanta 


Unpolluted surface and ground waters in the up- 
lands of northern Georgia have been found to contain 
substantial concentrations of fixed nitrogen. Since 
nitrogen concentration has long been used as an index 
of water pollution, the observation of concentrations 
of 1.5-2.0 ppm in a small mountain stream at a point 
2500 ft above sea level aroused our curiosity. After 
some study, we believe that this and numerous other 
observed occurrences of fixed nitrogen in presumably 
unpolluted waters of the area can be attributed to 
leaching of soluble nitrogen compounds from granite 
during weathering. A brief account of the investiga- 
tion leading to this conclusion is presented here. 


in the fog of volcanoes, it appears that it is fairly 
abundant in the interior of the earth. Thus, where the 
interior rocks now appear at the surface, ammonium 
chloride could have been included in them at the time 
they were formed. 

The authors considered the hypothesis that the rapid 
rate of weathering of the granite rock in this area ean 
be explained by leaching of trace amounts of soluble 
substances such as ammonium carbonate or ammonium 
chloride. With this in mind, pieces of igneous rock 
that had weathered both rapidly and slowly were 
brought into the laboratory, crushed, and then leached 
with a fairly large amount of water. The leachings 
were analyzed for the ions of ammonia, calcium, mag- 
nesium, chloride, nitrate, and carbonate. An attempt 
was made to determine whether soluble substances were 
present in higher amounts in rocks that weathered 
rapidly. 

Results of a number of analyses of the leachings 
(Table 1) indicate that many igneous rocks yield 


TABLE 1 


Sample Location 


Carbonate Caleium 
Nitrogen Chloride plus 
system 


(mg/100 g) (mg/100 g) magnesium 
(mg/100 g) (mg/100 g) 


Hard unweathered 


Clayton, Ga. 

Partially weathered 
Decomposed granite 
Granite-gneiss Toccoa, Ga. 
Fresh basalt Hawaiian Islands 
Unweathered granite-gneiss Lithonia, Ga. 

_ Granite Mount Airy, N. C. 

Isle, Minn, 

se 66 Coneste, 8. C. 

$4 Atlanta, Ga,* 


8.0 20 1.5 15 10 
7.8 18 1.3 10 10 
8.2 15 1.2 12 8 
6.3 22 1.5 25 12 
6.8 420 2.3 70 64 
9.3 72 1.8 58 30 
9.3 95 5.4 50 25 
9.4 122 2.0 40 80 
8.0 40 8 14 84 
9.0 124 2.8 4 64 
8.3 7 1.8 54 18 


* Hemphill Quarry on Northside Drive. 
+ Moreland Avenue, Southeast. 


A series of analyses of well waters in the Atlanta 
area showed that many of them were extremely high 
in nitrogen as either ammonia, nitrite, or nitrate. One 
flowing spring under a large hotel in the city contained 
40 ppm nitrate nitrogen. However, high nitrogen val- 
ues in the city could possibly be explained by the use 
of lawn fertilizers or the presence of packing houses 
or dairy barns. On the other hand, when a small moun- 
tain stream and a spring that is tributary to it showed 
a nitrogen content of 1.5 ppm, it was evident that 
some natural cause might be responsible. The high 
value of nitrogen in the stream is approximately 100 
times the nitrogen value for good drinking water. 

A search of the geelogical literature did not disclose 
why the stream and well waters in northern Georgia 
should contain such high nitrogen values. However, 
since ammonium chloride is a commonly dispersed gas 

1 Based on a paper presented at the Decatur meeting of 
the Gecrgia Academy of Science, April 1952. 

2The authors wish to express their appreciation to the 


University Center of Atlanta Universities for their alloca- 
tion of financial aid from Carnegie Foundation funds. 
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soluble substances in approximately the same amount. 
Although some rocks weather at much more rapid 
rates than others, the rate of weathering of the rocks 
did not correlate with the fixed nitrogen value. Fur- 
thermore, an analysis of the leachings from some 
deeply weathered granite from northern Georgia near 
Clayton showed that the weathered residue still econ- 
tained rather large amounts of easily leached am- 
monia. This fact is not well understood because, even 
though the rapid rate of weathering explains the high 
value for the ammonium chloride in the leached solu- 
tion, it would be expected that the ammonium chloride 
should leave the rock during the early stages of weath- 
ering. However granite-gneiss also shows a high am- 
monium content, and yet it weathers very slowly. 
The next question to be answered was the source 
of the ammonium chloride. It was possible that the 
nitrogen had been fixed from the atmosphere by the 
biological agencies in leguminous plants and then in- 
truded into the rock from the ground water. A fresh 
sample of basalt (from 13,000 ft above sea level) from 
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the recent eruption of Mauna Loa in the Hawaiian 
Islands was obtained from the territorial geologist. 
When this sample was crushed and leached, it showed 
a nitrogen content that is typical of the rocks that 
were found in the Georgia area. It appears, therefore, 
that the nitrogen content of Georgia granite is typical 
of other igneous rocks. It is not surprising that the 
nitrogen content of granite has not been studied, be- 
eause its content at 25 ppm is certainly lower than 
the normal analytical procedures of geochemistry 
would detect. Furthermore, nitrogen is not picked up 
on a spectrochemiecal analysis in the excited electric 
are; therefore, the discovery reported in this paper 
was made possible only because of the use of solution 
chemistry from the rock rather than by the use of a 
direct analytical approach. This type of chemistry has 
led to important developments in the use of granite 
dust, which, when applied to land very low in vegeta- 
tion because of lack of the soluble substances needed 
for plant growth, has transformed it into a rich and 
verdant area.* The increase in plant growth has ob- 
viously resulted from the presence of the calcium, 
magnesium, potassium, sodium, and ammonia that 
have been leached from the dust by the action of rain 
water. 

Previous sanitary analyses of the Chattahoochee 
River. which has a normal flow of something over 1000 
efs, have not shown any large nitrogen content. How- 
ever, it should be remembered that the large flow in- 
cludes a heavy surface runoff, which is not typical of 
a small mountain stream flowing slowly over and 
through residual soil. 

The conelusion seems warranted, therefore, that the 
concentration of soluble compounds in spring water 
or surface water that has a chance to flow slowly over 
granite is determined by the rate of rock-weathering. 
The nitrogen content of waters in an area where there 
is rapid weathering of granite cannot be used to deter- 
mine the load of human pollution, as is frequently 
done in areas where granite weathering is very slow. 


Manuscript received May 19, 1952. 


*Anon. Granite Dust Builds Better Soil. Org. Farmer, 3, 
38 (Mar. 1952). 


Production of Better Penicillin-producing 
Strains by Mutation Induced by 
Uranium Nitrate 


M. L. Gattani 
Government of Rajasthan, Bharatpur, India 


Stakman, Daly, Gattani, and Wahl (1) have shown 
that addition of uranium nitrate to potato dextrose 
agar at the rate of 0.5-1.0 g/liter stimulated mutation 
in the cultivated mushroom Agaricus campestris, and 
both mutation and an unusual type of dissociation in 
the ordinary corn smut fungus, Ustilago zeae. They 
suggested that addition of uranium nitrate or other 
similar salts may be a simple and useful means of in- 
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ducing desirable mutations in at least some microor- 
ganisms. The agar containing uranium nitrate is 
mildly radioactive, as determined by Alexander Hol- 
laender, Oak Ridge National Laboratory (1). The 
present studies were undertaken with a view to ob- 
taining some better penicillin-producing mutants from 
their parents by growing the fungus on media con- 
taining uranium nitrate. 

Penicillium notatum chrysogenum strain 18, iso- 
lated by Gattani and Kaul (2) from Indian soil sam- 
ples, and strain Minnesota X1612 were used for these 
studies. This strain was brought by the author from 
the Department of Plant Pathology, University of 
Minnesota, in 1946 and was stored in sterile sand at 
room temperatures in India. 

The method followed for inducing mutants in these 
strains differed from that used by Stakman et al. The 
strains were first grown on potato dextrose agar 
medium containing 0.5 g uranium nitrate /liter. The 
actively growing mycelium was then transferred to 
media containing 1.0, 1.5, or 2.0 g uranium nitrate / 
liter. By growing the fungus first on a low concentra- 
tion of uranium nitrate and subsequently transferring 
the fungal mycelium to media containing higher con- 
centrations of uranium nitrate, the frequency of mu- 
tation, as evinced by the production of morphologi- 
cally distinct sectors, was enhanced two to three times. 
When the fungus mycelium was transferred directly 
from potato dextrose agar to media containing 
higher concentrations of uranium nitrate, the growth 
of the fungus was inhibited, and number of sectors 
produced was comparatively less. 

Strain 18 produced mutants that could be broadly 
classified as white, entirely mycelial, nonsporeforming, 
or green mutants. Some of the white mutants spon- 
taneously produced secondary green mutants. In Min- 
nesota X1612 the mutants were of different shades of 
green, no white mutants being produced in this strain. 

Penicillin-producing ability of the mutants and their 
parents was compared by the plug method, described 
by Raper, Alexander, and Coghill (3). One mutant, 
18G, from more than 30 mutants of strain 18 tested, 
showed increased penicillin production; the fovr radial 
series plugs of this mutant strain produced bigger cir- 
cles than those produced by the four plugs of the par- 
ent strain. Similarly, the four radial series plugs of 
one mutant of Minnesota X1612, designated as 
X1612-C, gave bigger circles of inhibition than those 
produced by the parent strain. 

Unfortunately, because of inadequate facilities and 
nonavailability of corn-steep solids, the mutants of 
Minnesota X1612 and strain 18 could not be tested by 
measuring the amount of penicillin produced under 
submerged conditions on that medium. However, mu- 
tant strains and the parent strains were grown on 
Czapex liquid medium in surface culture. The culture 
filtrate was assayed after the 6th, 7th, 8th, 9th, and 
10th days of inoculation. Invariably, 1: 100 dilutions 
of the culture filtrate from the mutant strains 18G and 
X1612-C produced consistently bigger lytic zones than 
those produced by the parent strains 18 and X1612, 
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TABLE 1 


Size or Lytic ZONES PRODUCED BY THE PARENT 
STRAINS AND THEIR MUTANTS 


Size of lytic zone in mm 


Strain No. 
6th day 7thday 8thday 9thday 10th day 


Minnesota 

X1612 21 28 27.5 27 22 
X1612-C 24 30.5 29.1 28.5 25 
18 18 19 23.5 25 24 
18G 19 20 25 27.2 26.3 


respectively. This shows that they produced more 
penicillin than did their respective parents on Czapex 
Dox medium. Table 1 summarizes these results. 

As a result of these investigations it appears that 
addition of uranium nitrate to nutrient media may be 
a simple means of inducing desirable mutations, with 
respect to penicillin-producing ability, in at least some 
strains of P. notatum chrysogenum. 
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Culture of Cell Suspensions 
and some Results 


Henry Grossfeld 
340 Riverside Drive, New York City 


In regular tissue cultures, the embryo extract used 
as a constituent of the culture medium contains a great 
variety of growth-promoting substances and, in all 
probability, a number of growth-controlling factors. It 
is prepared, as a rule, from the clear supernatant ob- 
tained by the centrifugation of minced embryos. Some- 
times, in cultures made up with freshly prepared ex- 
tract, small groups of living cells are seen to grow 
without apparent connection with the main cell colony. 
These, it seems, originate from scattered cells that per- 
sist in the extract after centrifugation. 

In an examination of this it has been found that in 
the centrifugation of minced embryos in the usual lab- 
oratory centrifuge, if no saline has been added, a clear 
supernatant is obtained only when the embryos are 
younger than 10 days. Ten- and 11-day-old embryos 
give an opaque, grey-white, viscous supernatant, and 
embryos older than 11 days under the same conditions 
of centrifugation give no supernatant in the usual 
sense at all. This opaque fluid contains a fine suspen- 
sion of cells and may be used in culturing where the 
aim is to obtain diffuse cell growth without larger 
tissue explants. 

Ten- or eleven-day-old chick embryos, thoroughly 
mineed by small scissors, were centrifuged at a speed 
of approximately 2000 rpm for 20 min. The opaque 
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viscous supernatant was spread in a film on a cover 
glass 30x 30 mm, or larger, or placed in a culture 
flask. When the cover glass cultures were examined 
under the microscope, the suspension was seen to be 
composed of unconnected, apparently damaged, single 
cells and detrituslike cell splinters and a few isolated 
cell groups. 

After 2448 hr of incubation the microscopic picture 
had changed completely: Almost all isolated cells had 
become connected with one another by long, thin cell 
strands, or bridges, forming a continuous tissue net- 
work with meshes of various shapes and sizes (Figs. 1, 
2). The growth area, which can be very large, depend- 
ing on the area used for planting, showed variously 
differing cell clusters, distinguished by the preponder- 
ance of certain cell types, such as epithelial mem- 
branes, nerve cells, pigment cells, ete. When treated 
with a 1: 40,000 solution of neutral red, all cells dis- 
played normal vital staining. Frequently a culture 
would contain many single but normal-looking isolated 
cells which also showed normal vital granules. Some of 
those cells were seen in pairs as though adhering to 
one another after division. The most interesting fea- 
ture of a suspension culture is the reticular growth 
which tends to connect, by filamentous long cell 
bridges, all cell groups into a continuous whole (Figs. 
1, 2). 

In a series of cultures, chicken plasma was added 
to the suspension on the cover glass, and clotting of 
the suspension was obtained. Growth of these cultures 
was likewise abundant, but the form of cell connee- 
tions appeared strikingly different (Fig. 3). There was 
no visible reticulum. It would seem that differences 
in the physical character of the medium introduced 
by the plasma had had some influence on cell form 
and cell distribution. The difference displayed is one 
to be explored in a study of factors influencing tissue 
formation. 

Suspension explants may also provide a means of 
approaching the problem of tissue reconstruction out 
of isolated cells. The following experiments illustrate 
this: Four parts of Ringer’s solution was added to 
one part of the original cell suspension, thoroughly 
mixed, and centrifuged as indicated above. The now 
clear supernatant was removed, and the residue was 
again suspended in 4 parts of salt solution and centri- 
fuged. This washing procedure was repeated 4 times, 
and thereupon the residue was suspended in Ringer's 
solution, from which suspension cultures were pre- 
pared. These cultures showed no signs of growth. In 
view of the fact that tissue fragments placed in Ring- 
er’s solution often are capable of producing cell growth 
in a regular tissue culture, the above result suggested 
that by the described washing procedure a substance 
might have been washed away which was responsible 
for the reticular tissue formation out of isolated cells. 
In support of this it was found that when various 
amounts of embryonic juice were then added to sus- 
pensions after having been washed as described, typi- 
eal reticular tissue growth was obtained; this was the 
better the greater the concentration of embryonic juice 
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in the suspension culture. By far the best growth of 
suspension explants was obtained when the residue 


was suspended in pure embryonic juice. 
Jak Two observations from these experiments may be 
3S considered: (a) The failure of suspension explants 


to grow without embryonic juice, whereas in regular 
; tissue culture cell growth in pure Ringer’s solution can 
oe be obtained; and (b) the capacity of pure, concen- 
4 trated embryo juice to promote the growth of these 
cell suspensions, whereas in regular tissue cultures 


such concentrations are known to be inhibitory (1, 2). 

‘ In commenting on the first of these, the conclusion 

. seems justified that suspension cultures need a greater 


‘ 
2 


Fic. 3. Cell suspension culture grown in plasma clot. 
(Bouin ; hematoxylin-eosin.) 


598 


* 


- Fics. 1 and 2. Cell suspension cultures. (Bouin; hematoxylin-eosin.) 


amount of a substance present in embryonic juice and 
different from growth substances proper. This sub- 
stance would appear to be the limiting factor for re- 
constructing reticular tissue out of isolated cells in 
suspension explants. 

At one time consideration was given to the possibil- 
ity that this substance might be mucinlike—i.e., that 
amino sugars might be responsible for maintaining 
the adhesiveness of cell borders, or, in particular, that 
hyaluronic acid might possibly be functional in the 
formation of connective tissue. This substance, it was 
thought, might have been washed away by our washing 
procedure and would have to be replaced by a concen- 
trated embryonic juice containing sufficient amounts 
of it. In support of that concept it has been shown that 
suspensions prepared from embryos with their eyes 
removed gave less reticular growth than when whole 
embryos were used. Eye tissues, in particular the cor- 
pus vitreum, obviously are rich in hyaluronic acid. 
However, the role that mucinlike substances, such as 
hyaluronic acid, may play in the formation of reticular 
growth in suspension cultures is yet far from being 
established. 

The second of these observations can be explained 
in a natural way by the assumption that embryonic 
juice, besides containing substances that promote cell 
reproduction, also contains substances that encourage 
tissue formation while at the same time inhibiting cell 
reproduction. As soon as the concentration of embryo 
juice surpasses the optimum for cell growth, the higher 
concentration of growth-inhibiting substances in the 
concentrated embryo juice may become effective. 

Because the suspension consists of cells forcibly torn 
out of the organized tissue units, and the regenerative 
capacities tend to reconstruct a new tissuelike cell or- 
ganization, this method may provide another way of 
approaching the problem of the relationship between 
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reproduction and tissue formation. It provides, as 
well, a form of explanation without a central, partly 
necrotic tissue fragment, from which undefined sub- 
stances are released into the medium such as to render 
it less suitable for quantitative determinations of 
metabolic processes. 

It has been found that explanted suspensions con- 
taining cells originating from different organs, and 
from different animals, can form a cell reticulum and 
tissue continuity. This method ean therefore be used 
for studying problems of protoplasmic specificity. 
There is some reason to justify the assumption that 
the method will prove convenient in providing a sub- 
strate of tissue for the propagation of viruses. 
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A New Criterion for Weathering in Soils* 


B. N. Rolfe and C. D. Jeffries 


U. S. Geological Survey and School of Agriculture, 
The Pennsylvania State College, State College 


Weathering consists of the mechanical disintegra- 
tion and chemical deterioration of minerals at or near 
the ground surface. In soils, this process usually re- 
sults in the development of a profile that may be de- 
seribed in terms of A, B, and C or D horizons. The 
greatest weathering occurs in the surface horizons, 
with a gradual decrease in intensity downward toward 
the parent rock. This simple picture of a soil profile 
is essentially that of a monogenetie soil defined by 
Bryan and Albritton (1) as one that has matured 
through a relatively uniform climate. Polygenetic soils 
(1) are those that have matured through at least two 
time intervals of different climates, with profile types 
superimposed one on the other. Such soils are not 
easily distinguished in the field. In addition, glacial, 
alluvial, and eolian depositions are common sources of 
superimposed profiles of weathering. 

Differentiating between monogenetic and polygenetic 
profiles and recognition of buried profiles require dis- 
tinction of the various soil horizons on the basis of an 
objective weathering criterion. This paper proposes 
such a criterion. 

Recent studies by the authors have revealed a posi- 
tive criterion for differentiating weathering regimes 
in a soil profile. The basis for this criterion is x-ray 
examination of the clay and silt fractions of the vari- 
ous horizons in the soil profile. If examination reveals 
the presence of mica minerals in either of these size 

1 Contribution from the U. 8S. Geological Survey, Water 
Resources Division, and Department of Agronomy, The Penn- 
sylvania State College, State College, Pa. Approved by the 
director, Geological Survey, and authorized for publication 


on May 13, 1952, as Paper #1734 in the Journal Series of 
the Pennsylvania Agricultural Experiment Station. 
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fractions, the means are at hand for identifying the 
sequence of weathering. As this mineral group oceurs 
so frequently in soils, the method of diagnosis should 
prove generally useful to pedologists and geologists. 

Mica weathering is essentially a process of potas- 
sium depletion. Vadose water actively enters into hy- 
drolytic interplay with the interface K* of the mica 
lattice. In the usual acid medium near the ground sur- 
face, this activity results in the displacement of this 
cation, with a consequent loosening of the bonding 
effect. between mica sheets. Brown (2) has suggested 


MONOGENE TIC X-Ray 
Soi PROFILE SPECTROMETER PATTERN 
Horizon 
GREATEST 
A WEATHERING € 
A 
B WEATHERED 
/\ > 
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“d" Spocing, in angstroms 


Fic, 1. Diagrammatic illustration of the weathering cri- 
terion. 


the name “hydrous mica” for all those minerals that 
are hydrated micas, and the authors will follow this 
suggestion. 

Mica in the unweathered state has a basal “d” spac- 
ing of 10 A, whereas the weathered, or hydrous, mica 
has a basal spacing that is directly dependent upon 
the saturating cation. In short, differential cation treat- 
ment of mica minerals will reveal the degree of weath- 
ering. Unweathered mica is tightly bonded by the in- 
terlayer cations and will maintain its 10 A basal spac- 
ing regardless of treatment. Weathering, however, with 
its accompanying cation depletion, results in a pro- 
gressively greater response to differential cation treat- 
ment. 

With respect to a monogenetie soil profile, the hy- 
dration effects of such divalent cations as Ca** and 
Mg** will be greatest in the A horizon and will grad- 
ually diminish toward the parent material. This is in 
accord with the concept that hydrous micas will domi- 
nate the surface horizon, whereas the D horizon will 
be composed of the unweathered, unhydrated form. 

An example of such a monogenetie profile of weath- 
ering was first found in the Shackham Brook water- 
shed located near Cortland, N. Y. The clays were 
saturated with 1 N MgAe (50 ml to 150 mg elay) and 
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allowed to stand overnight on a steam bath. In the 
surface horizon where the hydrous mica was dominant, 
the basal spacing was 13.6 A. The amount of hydrous 
mica decreased consistently with depth until it was 
barely present in the fresh parent material. To prove 
that this spacing is merely the hydrated form of mica 
and not chlorite or montmorillonite, as sometimes re- 
ported, the same clays were then similarly treated with 
1 N KAe. In all eases, the 13.6 A spacing was con- 
tracted to 10 A. Fig. 1 is a diagrammatic representa- 
tion of this weathering sequence. 

An application of this criterion may be of interest 
to geomorphologists and soil scientists. Thorp et al. 
(3), Schultz et al. (4), and others are using. ancient 
soils (called paleosols by Hunt and Sokoloff [5]) as 
evidence of periods of stability and weathering during 
the deposition of river alluvium and loess. Under ecer- 
tain conditions, a paleosol buried by later deposition 
may be recognized in the field by dark bands. A tech- 
nique such as the one described here should prove 
useful in differentiating bands that are the result of 
pedogenie processes from bands that may be caused 


by stratigraphic sequences of materials of varying tex- 
ture, color, or consolidation. 

Studies of kaolinite development in soils indicate a 
similar trend. Weathering and base depletion are 
greatest at the surface, and this is the zone of greatest 
kaolinite formation. Kaolinite thus serves as a cor- 
roborative check on hydrous mica with respect to 
weathering. 

Application of the weathering criterion to a large 
number of agricultural soils in the U. S. has been 
made, and a detailed study will be published in a 
forthcoming paper. 
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Comments and Communications 


Sympathetic Blocking {-haloalkylamines 


In 1949 (1) we reported the synthesis of a quater- 
nary derivative of dibenzyl-(-chloroethy]) -amine with 
a very high adrenergic blocking activity. Of special 
physiological interest was the rapid onset of the block, 
which was complete within a few minutes after intra- 
venous administration in animal experiments (2). 
Further investigations on the substance supposed 
to be ethyl-ammoniumbromide 
revealed that it must have another structure. The doubt 
concerning the quaternary nature of the compound 
was expressed in a communication by F. Lund (3) in 
connection with the delivery of an investigational sam- 
ple, and quite independent of the observations made 
by J. F. Kerwin et al. (4-6). These authors stated 
that the compound (which we have called “Q”) is 
identical with the hydrobromide of dibenzyl-(6-bromo- 
ethyl) -amine, when it is mixed to a slight degree (8%) 
with the hydrobromide of the corresponding chloro 
compound, 

Elementary analyses on Q showed that it was not 
the expected quaternary derivative. Attempts to de- 
termine ionogenie Br~ failed, as it was impossible to 
obtain reproducible results. 

Infrared spectrograms were then made by the Nujol 
mull technique. These showed a strong absorption 
around 3.9 u that was unquestionably due to an amino 
salt grouping. Such an absorption is not shown by 
quaternary ammonium salts. On the other hand, the 
infrared spectrogram of pure dibenzyl-(B-bromo- 
ethyl)-amine hydrobromide was not identical with 
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that of our preparation Q in the region of 7-13 un. 
The bromo compound has a very strong absorption 
at 11.12 u that is not at all represented in the Q spec- 
trum. Instead, our substance Q has a spectrum that 
very closely resembles that of dibenzyl-(6-chloro- 
ethyl)-amine hydrobromide. In the speetra of some 
preparations, however, the absorption of the bromo 
compound at 11.12 u (899 em-') is obvious. It seems 
reasonable, therefore, to assume that our Q compound 
is chiefly dibenzyl-b-chloroethylamine hydrobromide 
mixed with the hydrobromide of dibenzyl-}-bromo- 
ethylamine. After several reerystallizations from a 
series of solvents, the end product is the bromo eom- 
pound, dibenzyl-(B-bromoethyl)-amine hydrobromide. 
In our animal experiments, both this compound and 
the Q-substance display very high adrenergic block- 
ing activities. The temperature of the solvent used in 
the animal experiments, however, has a great influ- 
ence on the activity; hence, a separation on a physio- 
logical basis seems very difficult. 
E. NyMan 
L.-O. PLANTIN 
E. OstLuND 
Research Institute of King Gustaf V 
Stockholm, Sweden 
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The observations of Nyman, Plantin, and Ostlund 
on the reaction of dibenzyl-6-chloroethylamine with 
ethyl bromide are in substantial agreement with the 
results we reported, except with regard to the rela- 
tive amounts of chloro and bromo compound in the 
mixture obtained from the reaction. Our mixture 
which, on the basis of analyses, we estimated to eon- 
tain 92° of bromo compound absorbs at 11.12 u 
(Nujol mull), as did some of the preparations of 
Nyman and co-workers. One recrystallization with a 
recovery of 86% gave a compound which possessed 
an infrared absorption spectrum identical with that 
of an authentic specimen of dibenzyl-6-bromoethyl- 
amine hydrobromide. Evidently Nyman, Plantin, and 
Ostlund found that the composition of their mixtures, 
as determined by absorption at 11.12 », varied from 
one preparation to another. It seems reasonable that 
the preponderance of chloro compound in one instance 
and of bromo compound in our mixture may be ac- 
counted for by a difference in the ratio of ethyl bro- 
mide to amine or in other reaction conditions. 

James F, Kerwin 
Smith, Kline & French Laboratories 
Philadelphia, Pennsylvania 


The National Science Foundation and the 
Scientific Manpower Problem 


THE National Science Foundation has now passed 
into its second year of organized activity. Already its 
planning and functional accomplishments are evincing 
trends that are significant of its future course. What is 
this course in theory and in practice? Does it give 
promise of achieving its principal goal, which is the 
broadest possible development of the nation’s scien- 
tific potential through the critical years ahead? 

The foundation’s early actions give rise to great 
hopes for its future—as an agency through which this 
scientific potential can be directed toward effective 
ends. Its early grants for basie research have been dis- 
tributed over the nation on a more equitable popula- 
tion basis than has been the case with any other public 
or private granting agency. Its first year’s fellowship 
awards show an active and intelligent effort to encour- 
age development in scientifically backward areas of 
the nation. Certain distributional dangers and pitfalls 
need sharp re-emphasis, however, if the foundation’s 
efforts are to result in maximal scientifie progress in 
all areas of the nation. 

Previous articles (7, 2) have dealt with the pitfalls 
of past distributional techniques, in which eurrent re- 
search potential was given much more weight than the 
longer-term development of the nation’s scientifie man- 
power and research possibilities. Funds granted for 
research will naturally bring greatest immediate re- 
sults when put to work in institutions best equipped 
in physical facilities and trained manpower to attack 
particular scientific problems. Even here there is de- 
pendence upon the second and larger aspect of the 
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scientific problem, however, for those institutions best 
equipped to pursue basic research are already encoun- 
tering a critical shortage of scientific manpower. All 
along the line—in industry, educational institutions, 
and elsewhere—this shortage is becoming steadily more 
acute. 

It is now quite generally agreed that our best efforts 
must be foeused upon the manpower problem and 
upon its maximal development in all areas of the 
nation and in all sections of the population. At best, 
only a small percentage of the total population will be 
inclined toward a scientific career and especially gifted 
individuals are as likely to exist in backward areas as 
in the most progressive. In order that latent talents be 
discovered early in life, it is necessary that exposure to 
science be widespread and adequate. Encouragement 
in the form of fellowships and other grants must be 
available, but this phase of assistance can come into 
play only after the gifted individual’s interest in 
science has already been aroused. 

The basie attack must thus stem from a broadened 
exposure (from high schools upward) to living science, 
which can be taught and demonstrated only by those 
teachers who have had intimate contact with—or par- 
ticipated in—research. Science lives and stimulates in- 
terest through research, which thus acquires unique 
importance to the nation. 

Let us, then, analyze the NSF research grants and 
fellowship awards to June 30, 1952, to see how well it 
is accomplishing its stated objectives and whether it 
is falling into past distributional pitfalls. Sinee the 
Public Health Service has been the largest granting 
agency in recent years and has published a compre- 
hensive review (3) of research grants by public and 
private agencies broken down on a geographie basis, 
we shall use its division of continental USA into seven 
major areas: 

New England: Maine, Vermont, New Hampshire, Massa- 
chusetts, Rhode Island, and Connecticut 

Middle East: New York, New Jersey, Pennsylvania, Mary- 
land, Delaware, District of Columbia, and West Virginia 

Southeast: Virginia, North Carolina, South Carolina, 

Georgia, Florida, Alabama, Mississippi, Louisiana, 

Arkansas, Tennessee, and Kentucky 
Southwest: Texas, Oklahoma, Arizona, and New Mexico 
Central: Ohio, Indiana, Illinois, Michigan, Wisconsin, 

Minnesota, Iowa, and Missouri 
Northwest: North Dakota, South Dakota, Nebraska, Kan- 

sas, Colorado, Wyoming, Montana, Idaho, and Utah 
Far West: Washington, Oregon, California, and Nevada 

Table 1 shows all NSF research and fellowship 
grants to June 30, 1952, classified on a regional basis. 
This breakdown does not include applications from, or 
grants to, those residing or attending colleges outside 
the continental United States. Two research grants to 
the National Academy of Sciences could not be elassi- 
fied by region of use and are not included. 

Certain significant facts stand out sharply. The 
scientifically backward Southeast and Southwest are 
still faring most poorly under the NSF program, 
whereas the Northwest shows signs of stimulation 
(more fellowship applications and greater research 
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TABLE 1 


GEOGRAPHIC DISTRIBUTION oF NSF RESEARCH GRANTS AND FELLOWSHIPS 
(Per million population, continental USA only) 


Population (1950) 


New Middle South- South- North- Far 
England East east west Central west West 
9,314,453 35,632,349 31,783,727 11,375,319 39,957,577 7,883,055 = 14,647,510 


Fellowship applications 
Percentage granted 


23.1 23.3 
Fellowships granted 


26.41 (246)* 26.58 (947) 11.00 (321) 12.66 (144) 18.87 (754) 22.96 (181) 24.10 (353) 
2 16.8 16.7 21.1 21.2 


16.0 


By home address 6.55 (61) 6.22 (221) 1.70 (54) 2.11 (24) 3.98(159) 3.68 (29) 5.12 (75) 
By college being 
attended 12.78 (119) 4.04 (144) 1.10 (35) 0.79 (9) 5.36 (212) 140 (11) 5.74 (84) 
By college to be 
attended 15.03 (140) 3.67 (131) 0.79 (25) 0.52 (6) 4.75 (190) 0.76 (6) 6.42 (94) 
Research funds granted $99,800 $193,160 $119,950 $52,800 $306,305 $90,300 $173,200 
Dollars/million population $10,715 $ 5,421 $$ 3,774 $ 4,642 $ 7,666 $11,455 $ 11,825 


* Actual numbers of applications or fellowships granted are indicated in parentheses. 


support). These three areas show the smallest per- 
centages of fellowship applications being granted, and 
this would be expected because of their less well-devel- 
oped educational facilities in scientifie fields. Of more 
serious portent is the constant drain of young scien- 
tists away from these underdeveloped regions, to in- 
stitutions in the more favored areas. Even the highly 
industrialized states of the Middle East suffer losses 
to the better-supported New England institutions. 
Students leaving the more backward areas for spe- 
cialized training commonly do not return to perma- 
nent residence in their home states, where fewer open- 
ings exist for use of their specialized skills. This drain 
does nothing toward relieving the scientific backward- 
ness of the region and may even accentuate it. This, 
however, is contrary to the objectives of the NSF as 
stated in the news release that accompanied the June 
30, 1952, announcements of research grants and fel- 
lowship awards: 

While grants were selected primarily on the basis of 
scientific merit, the Foundation is attempting in its re- 
search support program to encourage the development of 
research activities in smaller institutions throughout the 
United States. This policy not only will increase the re- 
search potential of the nation, but it will result in marked 


improvement in the teaching of Science at both the gradu- 
ate and undergraduate levels. 


In any competitive system of fellowship awards, 
those sections of the population with an older ecul- 
tural background and greater density of institutions 
of higher learning are likely to fare best. In fact, the 
distributional percentages achieved by the founda- 
tion’s screening committees indicate that a positive 
effort must have been made to favor the culturally 
backward areas, but even stronger efforts should be 
made in this direction, if the basic purposes of the 
foundation are to be achieved. Development in the 
backward areas should be encouraged by their being 
allotted more than their proportionate share instead 
of less, even though awards may not always go to 
those with highest ranking. 
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Much more disturbing, however, is the fact that 
54% of the New England and Middle Eastern sections’ 
fellowship awards were made to students already at- 
tending five of the leading educational institutions— 
Harvard, Yale, Princeton, Columbia, and Massachu- 
setts Institute of Technology; and 71% of the fel- 
lowships are to be spent at these same five institu- 
tions. Corresponding pecentages elsewhere in the 
nation are 43% and 54%, and the high-recipient in- 
stitutions are the universities of Chicago, Illinois, Wis- 
consin, and California, and California Institute of 
Technology. Since support of advanced undergradu- 
ate or graduate studies in an institution is tantamount 
to a direct financial grant, this maldistribution of NSF 
fellowship awards in reality extends greatest help to 
those students and institutions already making the best 
progress. 

Although the foundation is prohibited by law from 
dictating where fellowship time shall be spent, it is 
not prohibited from—but rather is directed toward— 
taking every possible step to encourage maximal scien- 
tifie development in all areas of the nation. It thus 
would seem that one primary foundation function 
should be the encouragement of scientific study in the 
country’s less favored institutions and regions, so as to 
provide the broadest possible exposure of talented 
youth to science, even though at present relatively 
few of the country’s institutions of higher learning 
offer really good facilities for advanced graduate or 
postgraduate scientific work. 

NSF fellowship applications are submitted to three 
National Research Council screening panels—the Pre- 
liminary Predoctoral, the Final Postdoctoral, and the 
Final Predoctoral. On the Preliminary Predoctoral 
Sereening Panel the New England and Middle East- 
ern sectors are represented by 12 members (30%), 
and the remainder of the country by 29 members. On 
the combined Final Panels, however, these two north- 
eastern sectors have 13 panel members (52%) to 12 
for the remainder of the country. Even more signifi- 
eant is the fact that 8 of the 13 are faculty members 
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of the area’s five most favored institutions. The dis- 
tributional evils arising from such unbalanced secreen- 
ing panel membership have already received adequate 
consideration (1). Is there any possible justification 
for such unbalanced representation of the large insti- 
tutions when an ample supply of scientists is avail- 
able in the country’s smaller colleges and universities? 

Everything considered, the National Science Foun- 
dation does seem to be getting off to a good start. It 
has achieved a more equitable distribution of its re- 
search and fellowship awards than any other granting 
agency, publie or private, up to now. As it settles into 
more formalized activity through the years, however, 
it must guard against domination by well-established 
cultural influences if it would achieve its basic goal— 
maximal development of scientific manpower in all 
areas of the nation. 

The time may be at hand for transfer to the foun- 
dation of many of the National Institutes of Health 
grants-in-aid activities, perhaps along the lines re- 
cently announced by the director of the Biological 
Sciences Division, Office of Naval Research (4). 

CLARENCE A, MILLS 
Laboratory for Experimental Medicine 
University of Cincinnati 
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Binucleate Cell Formation in Melanoplus 
differentialis Spermatocytes 


THE spermatocyte cysts of the grasshopper testis 
contain many nuclei, each without a definite cell mem- 
brane. The formation of a binucleate cell has been 
recorded in the course of a time-lapse cinematographic 
study of cell division, in which Leitz phase-contrast 
equipment was used. 

Spermatocytes in a dextrose-Belar solution in bi- 
carbonate buffer, pH 7.0, were placed on a roto-com- 
pressor slide. One of the cells began to divide from a 
prophase stage, and the metaphase and anaphase 
stages passed in normal fashion. When early telophase 
was reached, there was a narrow tubular bridge be- 
tween the two newly forming daughter cells. The 
nucleus in each cell developed a nuclear membrane. 
During the ensuing 6 hr the contracting cell mem- 
brane displaced part of the cytoplasm from one 
daughter cell to the other. In this phase the nuclei 
remained undisturbed. Finally, at the tubular bridge, 
between the two daughter cells, a piece of proto- 
plasmic material resembling mitochondria was ex- 


truded from the cytoplasm. After this extrusion the 
narrow bridge began to expand and the cells came 
together, forming the binucleate cell. 

In 1942 Beams and King (1) formulated a theory 
for such binucleate cell formation while they were 
studying fixed tissue from regenerating rat liver. This 
work confirms their theory. There may be other types 
of binucleate cell formation; this is one kind, how- 
ever, that has been observed and recorded. 

T. N. TAHMISIAN 
Division of Biological and Medical Research 
Argonne National Laboratory, Chicago 
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Review of Medical and Veterinary 
Mycology 


Srxce 1944, the Commonwealth Mycological Insti- 
tute of England has been publishing an annual (now 
a semiannual) annotated bibliography of the world’s 
literature on medical mycological subjects. The publica- 
tion, entitled Review of Medical and Veterinary My- 
cology, is very complete in coverage and presents pre- 
cise summaries of the articles reviewed. We of this 
laboratory have found the bibliography to be invalu- 
able in keeping informed on developments in this 
active field of medicine. Undoubtedly, others who are 
not already acquainted with it will also find this pub- 
lication to be of value. 

It is sold at the nominal charge of 10s. annually. 
The first number appeared in 1944 (covering the year 
1943) under the title An Annotated Bibliography of 
Medical Mycology, and single yearly issues have been 
published covering the years through 1950. Issues for 
the years 1943-48 are still available at 6s. each, and 
the 1949 and 1950 issues at 10s. each. Parts 1 and 2 
of the 1951 issue are sold together at 10s. 

We are urging those interested to support this pub- 
lication in order that this service may continue and 
be utilized by a greater number of workers in medical 
mycology. 

Orders and subseriptions should be placed with The 
Commonwealth Mycological Institute, Kew, Surrey, 
England. 

Lipero AJELLO* 
K. Grora 
Morris A. Gordon 
Mycology Unit, U. S. Public Health Service 
Communicable Disease Center 
Atlanta, Georgia 


* The opinions expressed are those of the writers, and do 
not necessarily constitute endorsement by the U. S. Public 
Health Service. 
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Book Reviews 


Advances in Medicine and Surgery from T he Grad- 
uate School of Medicine of the University of 
Pennsylvania. Philadelphia-London: Saunders, 
1952. 441 pp. Illus. $8.00. 


This is a well-bound volume well printed on excel- 
lent paper. Illustrations, where utilized, are good. The 
subject matter consists of 52 separate papers designed 
to cover 10 general subjects. The authorship is mul- 
tiple and comprises 55 contributors, most of whom are 
connected with the University of Pennsylvania; a few 
are guest lecturers. 

The purpose of the compilation is to fulfill one of 
the objectives of the faculty of the University of 
Pennsylvania Graduate School of Medicine; namely, 
to publish in book form the symposia given in a post- 
graduate course for practicing physicians, The subject 
matter covered is wide and ranges from a considera- 
tion of adrenal cortical hormones on through potas- 
sium metabolism, thrombo-embolism, cancer, and fune- 
tional disorders, to mention a few. There is no direct 
relationship, other than an occasional coincidental one, 
between the various general subjects. 

It goes without saying that no single person is com- 
petent to review adequately such a diverse compila- 
tion, even if space restrictions did not automatically 
preclude such an effort. Least of all should a surgeon 
take on such an assignment if he has any regard for 
the customary scientific amenities and enough brains 
to keep out of trouble. Obviously, the reviewer pos- 
sesses neither. 

It is our impression that the editors and authors 
have done a difficult task well. As is to be expected 
in any such assembling of material by so many au- 
thors, there is considerable variation in the amount of 
effort expended and in the method and type of subject 
management. This concerns the length of discussion 
and clarity of presentation, as well as fidelity, authen- 
ticity, and style of narration. Probably the most seri- 
ous and most inexcusable breach of fidelity was en- 
countered in Henle’s article on mumps, wherein he 
fails completely to mention the obvious pertinence and 
priority of Goodpasture’s outstanding, classical work. 
This is the bedrock on which Henle’s article rests but, 
oddly, he inferentially (p. 384, line 3) aseribes it to 
others. 

The reviewer has been interested for years in the 
efforts of some members of the preclinical medical 
faculties to stray over into the clinical aspects of 
medicine. By and large, it is our impression that they 
do it less gracefully, perhaps with less deftness, than 
the clinicians, who in turn are poaching along the 
fringes of pure science. 

This volume interestingly illustrates the foregoing 
without detracting from its charm or real intrinsic 
value. Each general section is well and interestingly 
done. To do justice to each of the numerous con- 
tributors would require individual mention of each. 
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Limitation of space makes this impractical, although 
the volume warrants such treatment. In our estimation, 
this compilation may be read with interest and profit 
by any physician, irrespective of his field of special 
interest. Therefore, it is sincerely recommended. 

Kart H. MarrzLorr 
Department of Surgery 
University of Oregon Medical School 


Biochemistry and Human Metabolism. Burnham §. 
Walker, William C. Boyd, and Isaae Asimov. Bal- 
timore: Williams & Wilkins, 1952. 812 pp. Illus. 
$9.00. 


Some of the textbooks in biochemistry published 
during the past 15 years have, by the introduction of 
a few clinical applications, emphasized the interests of 
medical students. Others, written expressly for medical 
students, have not adequately combined the fundamen- 
tals of the subject with the medical viewpoint. As in 
other sciences, the authors of textbooks in biochem- 
istry are faced with two difficult problems. The first 
is that of inclusion or exelusion of material. The 
border lines between biochemistry, physiology, phar- 
macology, and microbiology have never been very clear 
and are becoming less so as these fields develop. The 
second is that of arrangement of the material for 
maximum teaching effectiveness. Although the answer 
to this problem may lie in part in pedagogical theory, 
the solution usually grows out of the personal ideas 
and experience of the authors. 

Biochemistry and Human Metabolism is intended 
primarily for medical students. The classical order of 
topies has been altered extensively. Part I, comprising 
four chapters, is entitled “Structure.” “The Chemis- 
try of Proteins” (Chaps. 1 and 2) is taken up first 
because of the authors’ opinion that these substances 
are of prime importance to medical biochemistry. “The 
Chemistry of Carbohydrates and Lipids” is presented 
as an introduction to tissue chemistry (Chap. 3 of 
Part I). The fourth chapter deals with blood and the 
anemias. Part II, designated “Control,” contains the 
usual material on enzymes and hormones. In Part ITI, 
“Growth,” there are chapters on nucleoproteins, can- 
cer, and reproduction and heredity. Part IV, “Metabo- 
lism,” takes up food and diet, digestion, intermediary 
metabolism, electrolytes and water, respiration, heat 
and work, and excretion. “Vitamins and Vitamin Defi- 
ciency Diseases,” and “Infection” make up Part V, 
“Pathology.” Colloids, isotopes, thermodynamics, and 
acids and bases are covered in the appendix. 

The success of a textbook as a tool in the teaching 
process is difficult to forecast. It seems evident, how- 
ever, that a mere reshuffling of topics does not in itself 
constitute a real improvement. Moreover, it leads to 
certain teaching difficulties, such as the postponing of 
basie definitions and concepts until after their appli- 
eation and significance have been discussed. There is 
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still much to be said for the classical arrangement of 
proceeding from the simple to the complex; from the 
known to the unknown. Many instructors in medical 
biochemistry cover the material included in the appen- 
dix of the present volume in the early part of their 
courses. 

The chapter on “Reproduction and Heredity” ¢con- 
tains a 30-page section on genetics and blood groups. 
The necessity of including this and a 23-page chapter 
on cancer in a textbook of medical biochemistry may 
be questioned, especially when “Lipid Metabolism and 
Ketosis” is covered in 12 pages, and “Proteins and 
Starvation” in 27. 

In general, the authors have been successful in in- 
tegrating the basic and clinical aspects of the subject. 
The clinical applications are well chosen and of eur- 
rent interest. The volume should be especially valuable 
to physicians and interns who wish to review recent 
advances on the subject. Assessment of its value as a 
text for students beginning the study of biochemistry 
must await the test of usage. 

CARLETON R. TREADWELL 
Department of Biochemistry 
George Washington University Medical School 


Problems in Physical Chemistry. English ed. Lars 
Gunnar Sillén, Paul W. Lange, and Carl O. Gabriel- 
son. New York: Prentice-Hall, 1952. 370 pp. $5.50. 


For some time this reviewer has felt the need for a 
problem source book as an aid in teaching physical 
chemistry. To a very large extent this need is satisfied 
by the translation of Sillén, Lange, and Gabrielson’s 
Swedish text, which contains more than 700 problems, 
with answers, covering “classical” physical chemistry— 
e.g., 100 problems relating to thermodynamics, 75 to 
electrochemistry, 75 to chemical kineties. The problems 
in each set are graduated as to difficulty, and, in most 
eases, reference is given to the original literature. 

It is unfortunate that contrary to American usage 
the work done by a thermodynamic system is defined 
to be negative and, thus, the first law is written 
A E=q+W. However, since this convention, and all 
others, are very clearly stated in the text, this change 
in sign should cause only momentary confusion in the 
mind of the reader. It is felt that the inclusion of prob- 
lem sets relating to nuclear chemistry, atomic and 
molecular structure, and the more elementary concepts 
of quantum mechanics would hav greatly enhanced 
the usefulness of the book when used in conjunction 
with a modern textbook such as Moore’s. 

Although of minor importance, it is very pleasing 
to see the book begin on page 1 with the generalized 
mol concept and ignore completely the superfluous 
terms gram-atom, gram-ion, etc. 

Sillén’s manual clearly can be useful to the lecturer, 
but its adoption for student use may be problematical. 
The discussion accompanying each problem set is ex- 
ceptionally lucid, but necessarily concise; therefore, it 
seems doubtful that the book could stand alone as a 
text. On the other hand, there may be a reluctance to 


November 28, 1952 


ask students to purchase this problem book in addition 
to a conventional textbook. The usefulness of this 
manual to the student, however, may well outweigh the 
monetary consideration. 

The authors begin the introduction with the state- 
ment: “The student who would learn to solve physico- 
chemical problems with confidence must be prepared 
for a fair amount of mental effort.” The reader who 
works his way through the book will also have used “a 
fair amount of mental effort” but will be more than 
amply repaid for his labor. 

M. Kent Wison 
Department of Chemistry, Harvard University 


The Stars: A New Way to See Them. H. A. Rey. 
Boston: Houghton Mifflin, 1952. 143 pp. Illus. $4.00. 

Pictorial Astronomy. Dinsmore Alter and Clarence 
H. Cleminshaw. New York: Crowell, 1952. 296 pp. 
Illus. $4.50. 


There are unfortunately many authors who must 
“talk down” to their readers because they have no con- 
fidence in the earnestness and intelligence of the ordi- 
nary fellow. These authors are usually amateurs in 
the fields in which they write. Others, who are profes- 
sionals, have learned the knack of writing lucidly, yet 
informatively and authoritatively. In these books we 
have examples of these two contrasting types. 

The jacket blurb for the book by Rey speaks of the 
author as having “swept out the meaningless and con- 
fusing geometrical shapes that have baffled the be- 
ginning star-gazer for centuries.” To justify this state- 
ment, there are pages of contrasting “old” and “new” 
representations, but few will recognize the “old” ones 
as authentic. In many instances the author has drawn 
absurd “old” diagrams which he has then contrasted 
with “new” ones that many of us have been using 
right along. When he does do a really new one, such 
as for Ursa Major or for Pegasus, he often corrupts 
the traditional descriptions and reverses the figures, 
doing a far worse job than has been done in the past. 

I know from my own experience that in several 
planetarium cities the “new” figures of Rey have been 
used for many years, and some others that are far 
superior to his. Not all the figures are bad; many of 
them are good “old” ones. The jacket itself, when 
unfolded, is a very useful map of the Northern sky. 
The text and illustrations in the second half of the 
book, devoted to general information in astronomy, 
are rather good. Certainly, some new stargazers will 
be attracted by this book—always a good thing. 

The second book is written by two professionals who 
have devoted many years to extending public knowl- 
edge and appreciation of astronomy at the Griffith 
Planetarium in Los Angeles. There are 10 pages of 
star maps of various kinds, but most of the 56 chap- 
ters are devoted to very lucid diseussions of specific 
topies in astronomy, intended for the average inter- 
ested but uninformed person, even some rather young 
ones. 

Alter and Cleminshaw have had millions of people 
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in their lectures, and they have tried out the material 
of this book in the monthly magazine published at 
their institution. The great number of illustrations in- 
cludes diagrams and sketches, as well as fine photo- 
graphs, well reproduced. Not as fresh-looking as Rey’s 
book, this one has perhaps twenty times as much in- 
formation in it, while requiring about twice the con- 
centration to dig it out. When dug, however, it is 
sound. 

Roy K. MarsHai 
2017 Haverford Road, Ardmore, Pennsylvania 


Soil Physical Conditions and Plant Growth. Vol. I 
of Agronomy. Byron T. Shaw, Ed. New York: Aca- 
demie Press, 1952. 491 pp. $8.80. 


This book, prepared under the auspices of the Amer- 
ican Society of Agronomy, is a compilation by nine 
authors of five principal divisions dealing with the 
effect of the physical condition of the soil upon plant 
growth. The introduction by the editor sueccinetly states 
the purpose of the book: 


It is the purpose of this monograph to provide students 
and professional agriculturists with a critical and authori- 
tative evaluation of the present knowledge on this subject 
and to point out those areas in which additional data are 
needed. 

It is postulated that all physical attributes of the soil, 
such as apparent density, aggregation, pore-size distribu- 
tion, friability, and others, influence plant grov th through 
their effects on: (1) soil moisture, (2) soil ai.. (3) soil 
temperature, and (4) mechanical impedance to root de- 
velopment and shoot emergence. The first chapter of the 
monograph describes the soil as a physical system and 
considers methods by which the physical characteristics 
of the soil can be modified. The sueceeding chapters deal 
with each of the four fundamental edaphie factors pre- 
viously listed. In each chapter a description of the essen- 
tial features of the phenomenon is first given. This is fol- 
lowed by a discussion of how the physical character of 
the soil affects the particular edaphic factor being dis- 
cussed. An evaluation of the significance of that factor 
to plant growth follows. In the final chapter the interac- 
tions among the four fundamental factors are discussed 
in relation to other factors affecting plant growth. 


In addition to consideration of the direct effect of 
physical properties of the soil on plant growth, in- 
direct effects of these properties upon nutrient supply, 
pH, ete., are considered. 

The five divisions of the book are: “Soil as a Physi- 
cal System,” by Lyle T. Alexander and H. E. Middle- 
ton; “Mechanical Impedance and Plant Growth,” by 
J. F. Lutz; “Soil Water and Plant Growth,” by L. A. 
Richards and C. H. Wadleigh; “Soil Aeration and 
Plant Growth,” by M. B. Russell; and “Soil Tempera- 
ture and Plant Growth,” by S. J. Richards, R. M. 
Hagan, and T. M. McCalla. All chapters are thor- 
oughly documented, including the most comprehensive 
review of the literature on the respective chapters that 
this reviewer has seen. 

This book is of first importance to senior and gradu- 
ate students in soils, to professional agriculturists, and 
to botanists engaged in research. In addition, this re- 
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viewer feels that the book could be used profitably as 
a text in soil classes where the application of soil 
physical properties to plant growth is emphasized. 

The authors and editor are to be commended for an 
outstanding summary of the literature, of great value 
to all technical workers interested in the growth of 
plants. 


C. B. TANNER 
Department of Soils, University of Wisconsin 


Scientific Book Register 


Improving Undergraduate Instruction in Psychology. 
Report of a study group supported by the Carnegie 
Corporation of New York and the Grant Foundation 
which met at Cornell University, June 27—August 16, 
1951. Dael Wolfie, Chairman. New York: Maemillan, 
1952. 60 pp. $1.25. 

Science and Hypothesis. Repr. H. Poincaré. New York: 
Dover, 1952. 244 pp. $2.50; $1.25 paper. 

Forestry and Its Career Opportunities. Hardy L. Shirley. 
New York—London: McGraw-Hill, 1952. 492 pp. Illus. 
$6.50. 

Investment Castings for Engineers. Rawson L. Wood 
and Davidlee Von Ludwig. New York: Reinhold, 1952. 
477 pp. Illus. $10.00. 

Food and Population and Development of Food Indus- 
tries in India. Mysore: Central Food Technological 
Research Institute, 1952. 357 pp. Illus. 

Styrene: Its Polymers, Copoloymers and Derivatives. 
American Chemical Society Monograph 115. Ray H. 
Boundy and Raymond F. Boyer, Eds. New York: 
Reinhold, 1952. 1304 pp. Illus. $20.00. 

Annual Review of Physical Chemistry, Vol. 3. G. K. 
Rollefson, Ed., and R. E. Powell, Assoc. Ed. Stanford, 
Calif.: Annual Reviews, 1952. 416 pp. Illus. $6.00. 

The Immaculate Forest. An account of an expedition to 
unexplored territories between the Andes and the 
Amazon. W. R. Philipson. New York: Philosophical 
Library, 1952. 223 pp. Illus. $4.50. 

Semimicro Qualitative Analysis. 3rd ed. Paul Arthur 
and Otto M. Smith. New York—London: McGraw-Hill, 
1952. 285 pp. Illus. $4.00. 

Polarography: Inorganic Polarography, Organic Polar- 
ography, Biological Applications, Amperometric Titra- 
tions, Vol. II. 2nd ed. I. M. Kolthoff and James J. 
Lingane. New York—London: Interscience, 1952. 990 
pp. Illus. $11.00. 

Contributions to the Theory of Nonlinear Oscillations, 
Vol. II. S. Lefschetz, Ed. Princeton, N. J.: Princeton 
Univ. Press, 1952. 116 pp. $1.50. 

The Evolution of Chemistry: A History of Its Ideas, 
Methods, and Materials. Eduard Farber. New York: 
Ronald Press, 1952. 349 pp. Illus. $6.00. 

Fundamentals of Engineering Electronics. 2nd ed. Wil- 
liam G. Dow. New York: Wiley; London: Chapman & 
Hall, 1952. 627 pp. Illus. $8.50. 

Nerve Impulse. Transactions of the Third Conference, 
March 3-4, 1952, New York. H. Houston Merritt, Ed. 
New York: Josiah Macy, Jr. Fdn., 1952. 176 pp. Tlus. 
$3.50. 

Theory of Numbers. B. M. Stewart. New York: Mac- 
millan, 1952, 261 pp. Illus. $5.50. : 

Organic Syntheses, Vol. 32. Richard T. Arnold, Ed. New 
York: Wiley; London: Chapman & Hall, 1952. 119 pp. 
$3.50. 
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"Sure, I'm going to sign up for his 
course. He's using Mavor’s 


GENERAL BIOLOGY.” 


The two chimpanzees hunched in thoughtful academic conversation come directly 
from a picture in the fourth edition of Dr. James W. Mavor’s GENERAL BIOLOGY 
and were photographed by the author himself. There are many new illustrations and 
diagrams found in this text. In order to make it more teachable, Dr. Mavor has revised 
and rewritten chapters, added a section on “antibiotic agents” and succeeded in making 
this general biology text extremely up-to-date and complete. Since its first publication 
in 1936, Dr. Mavor’s general biology textbook has been famous for its clear, simple 
style, its fine illustrations, its broad coverage of the problems and applications of biol- 
ogy, and its flexibility. 


The companion LABORATORY EXERCISES IN GENERAL BIOLOGY, Fourth 
edition, is revised to conform with the new edition of GENERAL BIOLOGY. Like 
previous editions, the manual is divided into two parts—one including the instructions 
and the other, the work sheets for drawings and answers to questions. 


Fourth edition, 1952 « 875 pages « Text $5.75 « Manual $3.50 


THE MACMILLAN COMPANY 
60 Fifth Avenue, New York 11 


November 28, 1952 
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Refractors 


3 INCH EQUATORIAL 

Objective: Coated 78 mm (3”) diameter, 1200 mm 
(47 2”) focal length. £/16. 

Eyepieces: 200 x, 133 x, 96x, 67 x, 45x. 

COMPLETE with equatorial mounting and slow-motion 
controls, setting circles, tripod, eyepieces, sun projecting 
screen, view finder, star diagonal, erecting prism system, 
etc., fitted wooden cabinets. 


Express collect Only $435 

OTHER 2.4 INCH EQUATORIAL .... $225. 

UNITRON 2.4 INCH ALTAZIMUTH ... 125. 
REFPRACTORS 1.6 INCH ALTAZIMUTH ... 


25 deposit required on C.0.D. shipments 
Send check or M.O. or write for illustrated literature to: 


UNITED SCIENTIFIC CO. 


204-6 Milk St., Dept. R-103, Boston 9, Mass. 


PHOTOVO Densitometer 
CH ROMATOGRAPHY 


A photoelectric precision instrument for 
the rapid and convenient evaluation of 
strips and sheets in filter paper chro- 
matography and paper electrophoresis 


PHOTOVOLT CORP. 


95 Madison Ave. New York 16, N. Y. 


Also 
Colorimeters pH Meters 
Fluorimeters Electronic Photometers 
Reflection Meters Multiplier Photometers 
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Publications Received 


Age Is No Barrier. Albany: New York State Joint Legis- 
lative Committee on Problems of the Aging, 1952. 
171 pp. Illus. Free. 

The Commercial Fish Catch of California for the Year 
1950 with a Description of Methods Used in Collecting 
and Compiling the Statistics. Fish Bull. No. 86. Staff, 
Bureau of Marine Fisheries. 120 pp. Illus. Surveys 
Through 1951 of the Distribution and Abundance of 
Young Sardines Sardinops caerulea. Fish Bull. No. 87. 
Julius B. Phillips and John Radovich. 63 pp. Illus. 
State of California, Dept. Fish and Game, Bur. of 
Marine Fisheries, 1952. 

Committee on Growth of the National Research Council, 
Sixth Annual Report to American Cancer Society, Inc., 
July 1950-—June 1951, Washington, D. C.: Division of 
Medical Sciences, National Research Council. 373 pp. 
Free. 

The Common and Systematic Nomenclature of the 
Simpler Organic Compounds. Fred Semeniuk. Schoo! 
of Pharmacy, University of North Carolina. Chapel 
Hill, N. C. Pharmaceutical Research Foundation, 1952. 
55 pp. $1.25. 

Conference on the Mechanisms of Hormone Action with 
Special Reterence to the Adrenal Cortical Hormones, 
Pub. 224. Washington, D. C.: National Academy of 
Sciences—National Research Council, 1952. 15 pp. Free. 

Cortone, A Handbook of Therapy. Rahway, N. J.: 
Merck & Co., 1952. 129 pp. Free to physicians and 
pharmacists. 

Cyclopygid Trilobites from Girvan and a Note on Bo- 
hemilla, Vol. 1, No. 10. W. F. Whittard. London: 
British Museum (Natural History), Geology, 1952. 
Pp. 307-21 + 2 plates. 6s. 

Dextran—A Selected Bibliography. Chemical, Microbio- 
logical, Clinical, and Related Publications of Interest 
in the Use of Dextran as a Synthetic Blood Volume 
Expander. Allene Jeanes, Peoria, Ill.: USDA, Northern 
Regional Research Laboratory, 1952. 42 pp. Free. 

Eastman Organic Chemicals, list No. 38. Rochester, 
N. Y.: Distillation Products Industries, 1952. 224 pp. 
Free. 

Ecological Crop Geography and Field Practices of the 
Ryukyu Islands, Natural Vegetation of the Ryukyus, 
and Agro-Climatic Analogues in the Northern Hemi- 
sphere, M. Y. Nuttonson. Washington, D. C.: Am. Inst. 
Crop Ecology, 1952. 106 pp. Illus. $3.00. 

Geophysical Research Papers: Atmospheric Flow Pat- 
terns and Their Representation by Spherical-Surtace 
Harmonics, No. 14. July 1952. B. Haurwitz and Richard 
A. Craig. 78 pp. Illus. Back Scattering of Electro- 
magnetic Waves from Spheres and Spherical Shells. 
No. 15. July.1952. A. L. Aden, 42 pp. Illus. Notes on 
the Theory of Large-Scale Disturbances in Atmos- 
pheric Flow with Applications to Numerical Weather 
Prediction. No. 16. July 1952. Philip Duncan Thomp- 
son. 106 pp. The Observed Mean Field of Motion of 
the Atmosphere. No. 17. August 1952. Yale Mintz and 
Gordon Dean. 65 pp. Illus. Cambridge, Mass.: Geo- 
physies Research Division, Air Foree Cambridge Re- 
search Center, Air Research and Development Com- 
mand. 

Graphic Regional Sociology. Carle C. Zimmerman and 
Richard E, Du Wors. Cambridge, Mass.: Phillips Book 
Store, 1952. x + 206 pp. Illus. $3.50. 
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THE CHEMISTRY OF HETEROCYCLIC COMPOUNDS 


ARNOLD WEISSBERGER, Consulting Editor 


Four volumes now available 
Enter your subscription now 
Here is the present status of this systematic survey of 
the entire field of heterocyclic chemistry: 
Date of No. of Singe copy Subscription | 
Authors Title appearance pages price Vol. No. Price ; 
F.G.Mann Heterocyclic 1950 190 | $5.25 $ 4.20 
Derivatives 
of P, As, Sb, 
Bi, and Si 
C.F.H.Allen 6-Membered 1951 358 $10.00 ul $ 9.00 
Heterocyclic 
N Compounds 
with 4 Con- 
densed Rings 
H.D.Hartough Thiophene 1952 551 $16.50 il $15.00 
F.F.Blicke and Its 
F.P.Hochgesang | Derivatives 
LL.Bambas 5-Membered 1952 415 $14.00 IV $12.60 
Heterocyclic 
Compounds with 
N and S or N, 
S$, and 0 
(except Thiazole) 


The series is in active preparation. Two to three volumes 
will be published each year. 


The owner of the entire set of approximately thirty volumes 
will have at his disposal a complete, up-to-date, and encyclo- 
pedic treatment of this vast field of organic chemistry. 


Detailed information on the plan of the series is available 
on request. 


INTERSCIENCE PUBLISHERS, INC. 
250 FIFTH AVENUE, NEW YORK 1, N. Y. 
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A new and more 
complete line of paper 
chromatographic 
equipment 

carefully engineered 

for use in this new 
field of analysis. 


CHROMATOCABS 
STEEL OR GLASS RACKS 
DENSITOMETERS 
INDICATOR SPRAYS 
ULTRAVIOLET LAMPS 
DRYING OVENS 
DISC CHAMBERS 
SOLVENT TROUCHS 
MICRO PIPETS 
CLIPS 


Prompt Delivery 


PYREX INDICATOR 


Write for Catalog 


FARRAND 
Ultraviolet 
and Visible Region 


MONOCHROMATORS 


Pe Range 200 to 950 mm 
mm Free Aperture f:4 


For spectral analysis concerned with measurements in the ultra- 

violet and visible regions, particularly those involving low light | 

levels. The Farrand Monochromator provides unparallel per- | 

formance. The unusual large free aperture and speed of the 

optical elements afford GH dispersion—transmission—resolu- 

tion—spectral purity—and gathering power. 
A 


Usable in combination wit ies for tr 
tion, issi r er reflection, 
phorescence, etc. 


Bulletin 3801 on 


phos- 


Single and double types available. 
request 


PRECISION OPTICS, ELECTRONIC 
AND SCIENTIFIC INSTRUMENTS 


FARRAND OPTICAL CO., Inc. 


BRONX BLVD. and EAST 238th STREET - NEW YORK 70, N. Y. | 


| Dee. 


| Jan. 13-16. Highway 


Meetings & Conferences 


Dee. 1-6. National Exposition of Power and Mechanical 
Engineering. Grand Central Palace, New York. 

Dec. 3-4. Animal Care Panel (Annual). University of 
Illinois, Chicago. 

Dec. 4. Society of Cosmetic Chemists (Annual). Biltmore 
Hotel, New York. 

Dec. 6-9. American Academy of Optometry (Annual). 
Hotel Seneca, Rochester, N. Y. 

Dee. 7-10. American Institute of Chemical Engineers 
(Annual). Hotel Cleveland and Carter Hotel, Cleveland. 

12-13. Association for Research in Nervous and 

Mental Disease (Annual). Hotel Roosevelt, New York. 


| | Dee. 13-16. American Institute of Chemical Engineers 


(Annual). St. Louis. 

Dec. 23-27. Symposium on Scientific Principles and their 
Application in Tropical Building Design and Con- 
struction. New Delhi, India. 

Dec. 26-30. American Physical Society. Naval Ordnance 
Test Station, Inyokern, and California Institute of 
Technology, Pasadena, Calif. 

Dee. 26-31. AMERICAN ASSOCIATION FOR THE ADVANCE- 
MENT OF SCIENCE (Annual). Hotel Jefferson, St. Louis. 


| Dee, 27-28. American Chemical Society. Division of In- 


dustrial and Engineering Chemistry (Annual Chemical 
Engineering Symposium). Evanston, II. 


| Dee. 27-29. American Mathematical Society (Annual). 


Washington University, St. Louis. 

Dee. 27-Jan. 3. Basie Seminar in General Semanties. 
Institute of General Semantics, Lakeville, Coun. 

Dee. 28. International Union Against Cancer ond Inter- 
national Cancer Research Commission. Bombay. 

Dee. 28-29. Committee for the Scientifie Study of Reli- 
gion. New York. 

Dee. 30. Mathematical Association of America, Inc. Wash- 
ington University, St. Louis. 

Jan. 9-10. American Group Psychotherapy Association 
(Annual). Henry Hudson Hotel, New York. 

Jan. 12-16. Society of Automotive Engineers (Annual). 
Sheraton-Cadillae Hotel, Detroit. 

Research Board (Annual). Na- 
tional Academy of Sciences—National Research Coun- 
cil, Washington, D. C. 

Jan. 14-16. Conference on High-Frequency Measurements, 
sponsored by American Institute of Electrical Engi- 
neers, Institute of Radio Engineers, and the National 
Bureau of Standards. NBS, Washington, D. C. 

Jan, 19-23. American Institute of Electrical Engineers 
(Winter General). Hotel Statler, New York. 

Jan. 20-31. Inter-American Congress of Philosophy. 
Havana. 

Jan, 22-24. American Physical Society (Annual). Har- 
vard University, Cambridge, Mass. 

Jan. 26-27. Compressed Gas Association, Inc, (Annual). 
Waldorf-Astoria Hotel, New York. 

Jan, 26-29, American Society of Heating and Ventilating 
Engineers (Annual). Conrad Hilton Hotel, Chicago. 
Jan, 26-30. International Heating and Ventilating Expo- 

sition. International Amphitheatre, Chicago. 

Jan. 30. Public Health Workshop, First District Dental 
Society of the State of New York. Hotel Statler, New 
York. 

Jan. 30-31. Western Society for Clinical Research (An- 
nual). Carmel, Calif. 
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RARE CHEMICALS OF HIGH PURITY 


TO SUPPLY THE NEEDS OF BIOCHEMICAL RESEARCH 
Detailed, Pertinent, Analytical Data For Every Product 
AMINO ACIDS AND DERIVATIVES 


D & L-Alanine Glycyl-DL-serine 
£-Aminoisobutyric Acid D & L-Homocysteine Thiolactone.HCl 
L-Canavanine Sulfate D & L-Homocystine 
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D & L-Cysteine.HCl D & L-Methionine 
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L-3,4-Dihydroxyphenyl-alanine (DOPA) D & L-Serine 
Djenkolic Acid L-Thiolhistidine 

D & L-Ethionine D & L-Valine 
Glycylglycine Phenylpyruvic Acid 


CARBOHYDRATE INTERMEDIATES, ANTI-VITAMINS, CUSTOM SYNTHESES 
Our Fall Price List is available on request. It contains 
a table of the properties of thirty nine amino acids. 


CALIFORNIA FOUNDATION 


FOR BIOCHEMICAL RESEARCH 
3408 Fowler Street, Los Angeles 63, Calif. 
A NON-PROFIT CORPORATION 
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| PERSONNEL PLACEMENT 7 


YOUR ad here reaches over 32,000 foremost scientists 
in the leading educational institutions, industrial 
laboratories, and research foundations in 
and 76 foreign countries—at a very low cost 

CLASSIFIED: 18¢ per word, minimum charge $3.60, Use of 
Box Number counts as 10 additional words. 

DISPLAY: Rates listed below—no charge for Box Number. 
Monthly invoices will be sent on a charge account basis 
—providing satisfactory credit is established 

Single insertion $19.50 per inch 
7 times in 1 year 17.50 per inch 
13 times in 1 year 16.00 per inch 
26 times in 1 year 14.00 per inch 
52 times in 1 year 12.50 per inch 

For PROOFS on display ads, x 2 must reach SCIENCE 4 
weeks before date of issue (Friday of every week). 


POSITIONS WANTED 


German, French, Italian, Latin, Greek. Man, outstanding recom- 
mendations, Ph. D., available, Box 332, SCIENCE. 


Plant Physiologist; B.S. in Agriculture, M.A. in Botany, work 
toward a Ph.D. Experience in intermediary metabolism, anti- 
biotics, related fields, desire academic and/or research position. Box 
330, SCIENCE, 
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Position Wanted: 

Research Director; Physician (Ph.D. Pharmacology, Physiology) ; 
four years’ teaching experience; eight years, director, research 
foundation. For further information, please write Science Division, 
Medical Bureau (Burneice Larson, Director) Palmolive seme | 
Chicago. 


“POSITIONS OPEN 


| 


Senior Pharmacologist for Philadelphia pharmaceutical manufac 
turer. We are looking for a Ph.D. with academic training and/or 
experience in neurophysiology or neuropharmacology. This individ- 
ual should have a definite interest in the physiological evaluation 
of the action of new coulpounds in which effort is concentrated on 
the development of new superior therapeutic agents. Position will 
involve some supervisory duties over technical personnel. Fine 
company with liberal program of employee benefits including health 
insurance, life insurance, and Salary open. Send 
complete details. Box 326, SCIEN 


SCIENTISTS—salaried positions, $3,600 to $25,000. 
This confidential service for outstanding men who desire a change 
of connection, will develop and conduct preliminary negotiations 
without risk to present position. Send name and address for details. 
TOMSETT ASSOCIATES @ 335 Frick Bidg., Pittsburgh 19, Pa. 


The MARKEI PLAC 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


Psychology, philosophy. Man, European Ph.D., experienced, publi- 
cations, highest recommendations, available. Box 331, SCIENCE. 


Wanted: Position in industrial bacteriology, Have M.S. and ex- 
perience in industrial consulting and research. Write Box 329, 
SCIEN 


Graduate research assistantships available in physics. Study for 
advanced degrees. Stipend $1,500 per year. Write to_Chairman, 
Physics Department, Florida State University, Tallahassee, 
Florida. 12/5, 12, 19. 


Microbiological Research. Opportunity for person with Ph.D. in 
Bacteriology or Mycology and training in Biochemistry. Work in 
Microbiological Research Division of well-known pharmaceutical 
company. Prefer individual with some experience in antibiotics. 
Indicate training, experience and salary requirement in ae 
Box 328. SCIENCE. 


Positions Open: 

(a) Physician or Ph.D.; research on cholesterol metabolism; medi- 
cal school research department; West. (b) Pharmacologist; Ph.D. 
straight research ; pharmaceutical company. (c) Gross Anatomist 
and, also, anatomist to take charge of neuroanatomy, university 
medical school. (d) Physician interested in vascular-renal physiology 
and Ph.D. who has majored in vascular-renal physiology; medical 
school deparment of obstetrics-gynecology. (e) Two Physical 
Chemists, one with Ph.D., other with Bachelor’s, for research con- 
nected with rusting, corroding; also, Ph.D., for research con- 
cerned with water-microbiology; modern air-conditioned labora- 
tories; Chicago area. S11-4 Science Division, Medical Bureau 
(Burneice Larson, Director) Palmolive Building, Chicago. 


Senior Literature Scientist with supervisory responsibility. Position 
involves serving as a member of Research and Development Projec 
Teams and literature evaluation in clinical and pre-clinical elds. 
particularly microbioogy. Ph.D. in microbiology with strong bio- 
chemical background. Some experience in scientific literature 
searching desirable. Age 35 or over. Male. Eastern metropolitan 
area. Excellent working conditions and _ facilities. Liberal em- 
ployee benefits. Salary open. Box 327, SCIENCE 


LOOK AROUND... ge ni 


number of satisfied advertisers using small-space ads sequins 
practically every issue of SCIEN \CE—proof that these small ads get 
results! If you have a product or service of interest to scientists, 
why not take advantage of this low-cost means of increasing your 
profits! See above for rates @ information. 
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CLASSIFIED: 25¢ per word, minimum charge $6.00. Use of 
Box Number counts as 10 additional words. Correct 
payment to SCIENCE must accompany ad. 

DISPLAY: Rates listed below—no charge for Box Number. 
Monthly invoices will be sent on a charge account basis 

—providing satisfactory credit is establis! 


Single insertion $19.50 per inch 


7 times in 1 year 17.50 per inch 
13 times in 1 year 16.00 per inch 
26 times in 1 year 14.00 per inch 
52 times in 1 year 12.50 per inch 


For PROOFS on display ads, copy must reach SCIENCE 4 
weeks before date of issue (Friday of every week). 


LANGUAGES 
Listen and Learn a Language by LINGUAPHONE 


At home learn to speak Spanish, French, German, Russian, Japanese 
Norwegian—any of 29 | by Li World’s Stan 
Conversational Method. Over a milion ~Home-study students. Save 
time, work, money. Send for Free book Today. 


LINGUAPHONE INSTITUTE @ 8411 Radio City, New York 20, N. Y. 


Your sets and files of scientific journals 


are needed by our library and institutional customers. Please send 
us lists and description of periodical files you ore willing to sell 
at high market prices. Write Dept. Ass, i’s CANNER, INC. 
19, Massachusetts 


SCIENTIFIC BOOKS and PERIODICALS WANTED 
Comptes libraries—Sets and suns—Single titles 
Also, please send us your want lists 
TECHERT - HAFNER, 
31 East 10th St., New York 


WANTED TO PURCHASE ... Sets and runs, foreign 
and domestic. Entire 

SCIENTIFI PERIODICALS } libraries and smal 
and BOOKS collections wanted. 
WALTER Jj. JOHNSON e@ 125 East 23rd St., New York 10, N. Y. 
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the MARKET PLACE 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


BACK NUMBER PERIODICALS —ouswe and Sold 


@ Tell us what you want!—What have you to offer? 


Abrahams Magazine Service , DEPT. P, 56 E. 13th ST. 
Established 1889 NEW YORK 3, N. Y. 


AVOID DELAY .. .. Cash in Advance payment 
Must be enclosed with ALL classified ads. 
See “Charges and Requirements” 


SUPPLIES AND EQUIPMENT 


(THIS is the EXACT SIZE RECTANGLE “YIN Sraumenrs 
on the Field Finder containing 
over 50000 lines and indicia, No. 201-050-150 


devi r the micros es 
locate fields of ‘rterest in a FIELD FINDER 
flide-mounted speciuen, Other 
advantages: Suverbd precision—- 
with interchangeadility; non=dee- LOVINS ENGINEERING 
tructive; used by substitution.) COMPANY 
ETIN SILVER SPRING. MD. 


LABORATORY SERVICES 


in Biochemistry, Chemistry, Bacteriology 
and Insecticide Testing 

*’ Amino acid assays and biological 

protein evaluations 

'~ Vitamin and antibiotic assays 

Chick feeding tests 

_» Warm-blooded toxicity studies 

Phenol coefficient determinations 

i Write for price schedule 


WISCONSIN ALUMNI RESEARCH FOUNDATION 


P. O. BOX 2059 bd MADISON 1, WISCONSIN 


Lists more than 300 items for Research — 
Biological, Microbiological, Bacteriological, 


Biochemical, Nutritional. Write 


GENERAL BIOCHEMICALS, INC. 


72 LABORATORY PARK © CHAGRIN FALLS, OHIO 


LOOKING FOR A PUBLISHER? 


Write for Free Booklet SC telling how we can publish 

your book. All subjects considered. New authors welcome. 

VANTAGE PRESS, Inc. © 120 W. 31 St., York 1. 
In Calif.: 6356 Hollywood Bivd., Hollywood 2 


New.Food Ingredients - New Drugs © 


ANIMAL TESTS 


Analyses -Consultation-Research 


LaWall & Harrisson 


chemists « Pharmacologists DW. S, 1921 Walnut St., Philadelphia 3, Pa. 


STAINS 
STARKMAN Biological Laboratory © 761, Boer 


November 28, 1952 


For CONSISTENT Rats .. . 


@ BUDD MT. RODENT FARM 
@ CHESTER, N. J. 


Breeders of a recognized strain of Wistar. 


LABORATORY ANIMALS Docs RATS 


CATS PIGEONS HAMSTERS 


Clean healthy well-fed animals MICE POULTRY GUINEA PIGS 
2 Guaranteed suitable for your needs. 


JOHN C. LANDIS + Hagerstown, Md. 
Reasonably priced—Dependable service 


r NINHYDRIN 
ELUTARALDEHYDE BIOXIME 
50 g. $13.00 100 g. $25 


Write for price list $-3 


CUSTOM CHEMICAL LABORATORIES 
2054 N. Cicero Ave., Chicago 39, 


PROOVER 


"Quality 
MICRO 
COVER 

GLASSES 


SQUARES, RECTANGLES 
AND CIRCLES 


Propper Select Quality Micro Cover Glasses are 
non-corrosive, non-fogging, and entirely free from 
flaws . . . meet or exceed all Federal specifications. 
@ Largest and most complete stock in the U. S. A. 
@ Special sizes of any dimension made to order 
@ Complete range of circles also available 

Write for details, prices, and samples. 
PROPPER MANUFACTURING CO., INC. 

10-34 44th Drive, Long Island City 1, New York 
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—The MARKET PLACE— 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


BIND °EM... 
and you’ll 
find them! 


SUPPLIES AND EQUIPMENT 


SPRAGUE-DAWLEY, INC. 


Pioneers in development of the 
standard laboratory Albino rat 


Box 2071 + Madison 5, Wisconsin * Phone 35318 


Cargille 
TISSUE FILE 


Case with 100 compartments, each 1/2” x 1” 
x 2%". Indexing feature in cover. Designed 
for histological specimens in paraffin blocks. 
Useful for many solid specimens. 
Each $2.75 doz. $27.50 
FOB Little Falls, N. J. Terms: 1-10-30. 
CARGILLE SCIENTIFIC INC. 
117 Liberty St.. New York 6, N. Y. 


Keep your copies of SCIENCE always available for quick, 
easy reference in this attractive, practical binder. Simply 
snap the magazine in or out in a few seconds—no punch- 
ing or mutilating. It opens FLAT—for easy reference and 
readability. Sturdily constructed—holds 26 issues. 


This beautiful maroon buckram binder stamped in gold 
. NEW MONOMERS ead leaf will make a fine addition to your library. Only $2.75 
postpaid (personal check or Money Order please). Name, 
Ethylene Glycol Acrylate and Methacrylate, Vinyl Halides 70¢ extra—year of issue, 40¢ extra. ORDER YOURS NOW! 
2,3-Di hyl Butad , a;0; m-Chlorostyrenes, Nitrostyrenes 
Over 250 Other Monomers Write for List A-4 
MONOMER-POLYMER, INC. : 
511 Lancaster St. Leominster, Mass. SCIENCE @ 1515 Mass. Ave., N.W., Washington 5, D. C. 


DENTAL CARIES and FLUORINE— 


7¥2 x 10%, clothbound, double column, XI + 111 pages 


FROM THE CONTENTS: 
H. Trendley Dean Epidemiological Studies in the United States 
Robert Weaver Epidemiological Studies in the British Isles and India 
T. Ockerse F “—- and Dental Caries in South Africa 
Philip Jay and Epidemiological Aspects of Oral Lactobacillus Counts in Fluoride 


Francis A. Arnold, jr. and Non-Fluoride Areas 
Wallace D. Armstrong Chemical Differences of Caries Susceptible and Immune Teeth 
and a Consideration of Food Sources of Fluorine 
Harold C. Hodge and Experimental Caries and a Discussion of the Mechanism of Caries 
Reidar F. Sognnaes Inhibition by Fluorine 


F. J. McClure Nondental Physiological Effects of Trace Quantities of Fluorine 

B. G. Bibby be wae Applications of Fluorides as a Method of Combatting 
ental Caries 

Francis A. Arnold, jr. = Possibility of Reducing Dental Caries by Increasing Fluoride 
ngestion 

Abel Wolman Fluorine and the Public Water Supply 


Published in 1946, this volume is attracting increasing atten- 
tion today. $3.50—Cash order price to AAAS. members $3.00 


TO: AAAS, 1515 Mass. Ave., N.W. 


Washington 5, D. C. 
Enclosed is Please accept my order for | Address .............. 
DENTAL CARIES AND FLUORINE | City ............. 
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Tracerlab has the most 


comprehensive line of nuclear 


instruments, accessories, geiger 
tubes and radiochemicals of 
any firm in the nucleonic 
industry; also consulting 
services, special syntheses 


\ and other services. 


\ Ask for 
Catalog C. 
\ g 


130 HIGH ST., BOSTON e 2295 SAN PABLO AVE., BERKELEY 4 \ ‘\ 


Sales Offices: New York Chicago Washington Los Angeles « Houston « \ 
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SPECTROPHOTOMETER 


Imagine it! Here is a way of following rapid color changes 
and transient phenomena. Here is a way of monitoring 
flowing processes. Here is a useful tool for rapid comparisons 
of transparent or opaque materials; gaseous, liquid or solid. 

The AO SPECTROPHOTOMETER traces 60 separate 
curves per second on the face of a cathode ray tube fusing 
them into a “moving picture” of color changes over the entire 
visible spectrum from 400 to 700 millimicron wavelength. 

A roomy sample chamber accommodates transparent 
samples up to 100mm thick. A reflection attachment will 
produce data from opaque surfaces as small as 1 inch square. 

Permanent records can be made with any of the standard 
>” oscilloscope cameras. 


Be sure to see the new AO Rapid Scanning 


Spectrophotometer demonstrated at your earliest 
convenience. For illustrated literature 


write Dept. L4. 


American @ Optical 


INSTRUMENT DIVISION - BUFFALO 15, NEW YORK 
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